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Abstract
Purpose  Multiple-rod constructs (Multi-Rod: extra rods for additional pillar support) are occasionally used in adult spinal 
deformity (ASD) surgery. We aimed to compare and analyze the general outcome of multi-rod constructs with a matched 
two-rod cohort, to better understand the differences and the similitudes.
Methods  This is a retrospective matched cohort study including patients with ASD that underwent surgical correction 
with long posterior instrumentation (more than five levels), pelvic fixation and a minimum 1-year follow-up. Matching was 
considered with demographical data, preoperative radiographical parameters, preoperative clinical status [health-related 
quality-of-life (HRQoL) scores] and surgical characteristics (anterior fusion, decompression, rod material, osteotomies). 
Postoperative radiographical and clinical parameters, as well as complications, were obtained. Univariate and multivariate 
analysis was performed regarding postoperative improvement, group variables comparison and parameters correlation.
Results  Thirty-three patients with multi-rod construct and 33 matched with a two-rod construct were selected from a database 
with 346 ASD-operated patients. Both groups had a significant improvement with surgical management in the radiographical 
and HRQoL parameters (p < 0.001). Differences between groups for the postoperative radiographical, clinical and periopera-
tive parameters were not significant. Rod breakage was more frequent in the two-rod group (8 vs 4, p = 0.089), as well as the 
respective revision surgery for those cases (6 vs 1 p = 0.046). Risk factors related to revision surgery were greater kyphosis 
correction (p = 0.001), longer instrumentation (p = 0.037) and greater sagittal vertical axis correction (p = 0.049).
Conclusion  No major disadvantage on the use of multi-rod construct was identified. This supports the benefit of using multi-
rod constructs to avoid implant failure.
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Key points 

1. Our study shows a diminished incidence of revision surgery for rod 
breakage in Multi-Rod constructs for Adult Spinal Deformity (p = 0.046). 

2. Factors related to surgical revision for rod breakage were higher TK 
correction, longer instrumentation and higher SVA correction. 

3. Both groups (Multi-rod and 2-rod) had significant improvement with 
surgical management in the radiographical and HRQoL parameters 
(p<0.001).
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Table 2: Complications
Multi-Rod 2 rod p

Total 12 15 0.460
Mechanical 7 14 0.111
Rod breakage 4 8 0.208

with pseudarthrosis 1 5 0.089
PJK 3 3 1.000

Screw Breakage 1 2 0.310
Screw Dislodgement 0 1 0.321

Deep Infection 1 1 1.000
Radicular Pain 3 2 0.321

Revision Surgery

Rod breakage and Pseudarthrosis
1 6 0.046

PJK 1 2 0.310
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Take Home Messages 

1. No major disadvantage on the use of Multi-Rod constructs was 
identified when compared to 2-rod constructs. 

2. Additional rod placement may be recommended in every patient 
undergoing deformity correction with long instrumentation and 
pelvic fixation to promote fusion and prevent revision surgery for 
rod breakage. 
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Introduction

Adult spinal deformity (ASD) accounts for a great variety of 
entities, but the most common requiring surgical correction 
is those with clinical repercussion, sagittal malalignment 
and degenerative disease [1–4]. Many initial treatments may 
be directed toward focused improvement, but ultimately, 
many patients end up requiring long instrumentations for 
correction [5, 6]. However, this kind of treatment has a sig-
nificant incidence of complications, especially rod breakage 
and pseudarthrosis, which are the most frequent reasons of 
late revision surgery [7]. For this reason, several ways to 
increase stiffness are being used, such as the use of different 
materials (chrome–cobalt and titanium alloy) and thicker 
rods (5.5–6.35 mm). But lately, multiple-rod constructs 
(multi-rod) are being used increasingly often [8–15].

We define a multi-rod construct when an extra rod or 
rods are added for additional pillar support (Fig. 1). The 
selected multi-rod segment is defined by the surgeon and 
consistently involves the areas of major stress, such as the 
lumbar area and/or osteotomy site. The goal is to increase 
immediate stiffness, so the correction can be kept longer, and 

bone fusion is promoted. Multi-Rod constructs vary, having 
complex structures like the “dual construct” described by 
Shen [8] where screws in different pedicle directions func-
tion as different conjunctional constructs and much simpler 
constructs, like the addition of a peripheral rod annexed to 
one or both rod columns by simple connectors [9–12]. In the 
general practice, probably the most frequent employment 
of multi-rods is in a heterogeneous way, where the posi-
tion of the extra rods depends on the screw positioning, the 
deformity morphology and intraoperative surgeons’ techni-
cal considerations. Nevertheless, no real consensus has yet 
been established.

Objective

The objective of this study was to determine and analyze 
the general outcome of patients with ASD, operated with 
long posterior instrumentations (more than five levels), pel-
vic fixation and a minimum of 1-year follow-up. We aim to 
compare the quality-of-life outcomes, sagittal malalignment 
radiographical measurements and complications between the 

Fig. 1   Preoperative (a, c) and postoperative (b, d) radiographi-
cal films of the anteroposterior and lateral views showing a patient 
who underwent revision surgery for a coronal and sagittal deformity 
with loss of sagittal alignment. Pedicle subtraction osteotomy in L4 

and extension of the instrumentation from T8 to iliac bone were per-
formed using a multi-rod construct with four main rod columns (total 
five rods) in the lumbosacral segment
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cohort of multi-rod constructs and a homogenized control 
group of “two-rod” patients.

Materials and methods

Patient population

We performed a retrospective case–control study on pro-
spective enrolled data. Patients with ASD were defined by 
having any frontal plane deformity over 20°, thoracic kypho-
sis (TK) over 60°, sagittal vertical axis (SVA) over 5 cm or 
pelvic tilt (PT) over 25°.

We analyzed medical records of 346 patients who were 
operated by two spinal deformity surgeons from two spine 
centers, between 2013 and 2017. Inclusion criteria included: 
patients with lumbar degenerative deformity and sympto-
matic adult idiopathic scoliosis, who underwent surgical cor-
rection (primary or revision surgery) with long instrumenta-
tion with transpedicular screws (with or without additional 
laminar hooks), pelvic fixation, more than two main rods in 
any or both sides of the instrumentation construct (two or 
more rods connected by an edge forming a unilateral one-
rod column, were considered as only one rod) and complete 
clinical and radiographical 1-year follow-up. A “two-rod-
only” sample of patients with the same diagnosis, preopera-
tive parameters (demographical, radiographical and clinical) 
and surgical treatment characteristics (> 5 instrumented lev-
els, pelvic fixation, follow-up period) was selected to match 
the cohort (p > 0.05). For exclusion matters, of the patients 
from the multi-rod group who had had prior surgery, we 
verified that neither were to be of possible inclusion in the 
two-rod (pelvic-fixated) group. Also, two-rod patients who 
were revised for complications with a multi-rod construct 
were not analyzed afterward as multi-rod patients.

Clinical, surgical and radiographical data collection

A detailed review of patients’ medical records was con-
ducted. Demographical data were collected, including age, 
gender, weight, height and body mass index (BMI).

Radiographical measurements were acquired by EOS® 
system (Paris, France) [16] including sagittal vertical axis 
(SVA) of C7, thoracic kyphosis (TK), lumbar lordosis (LL), 
coronal deformity in Cobb angle (CD), pelvic incidence (PI), 
pelvic tilt (PT), sacral slope (SS), global tilt (GT), PI–LL 
and lumbar lordosis index (LLI) [3, 17–19]. The EOS® sys-
tem is low radiation dose and it standardizes spinal measure-
ments, with complete anteroposterior and lateral radiographs 
of the whole body in upright position, with arms flexed close 
to the thorax and eyes watching a fixed point up front.

Clinical and surgical data collected consisted of hos-
pitalization time, surgical time and surgical blood loss, 

osteotomies, interbody fusion, rod diameter (5.5  mm, 
6.0 mm and 6.35 mm), rod materials used (titanium alloy, 
cobalt–chromium or mixed), complications, type of compli-
cation (rod breakage, screw failure, adjacent segment failure, 
infection, etc.), time of detection and number of revision 
surgeries for mechanical complications. Pseudarthrosis was 
determined with simple x-ray and clinical data, and patients 
that underwent revision surgery for this also were studied 
with a CT scan.

Health-related quality-of-life (HRQOL) results were 
obtained before and after a minimum 1-year follow-up. 
These included: Pain Numeric Rating Scale (NRS), Core 
Outcome Measures Index (COMI), Oswestry Disability 
Index (ODI), Scoliosis Research Society Questionnaire 
(SRS-22) and Short-Form Survey 36 Questions (SF-36), for 
all patients. Using values previously described for deform-
ity spinal surgery, minimum clinically important difference 
(MCID) was defined for each patient [20].

Statistical analysis

Statistical analysis was performed with IBM SPSS Statis-
tics 23.0 (SPSS Inc., Chicago, IL, USA). Methods used 
were: Fisher’s exact test for binominal value comparison, 
Mann–Whitney U for rank and score comparison, unpaired 
T test for univariate measurement comparison, paired T test 
for time-lapsed scores and measurements and multivariate 
general linear model for multiple variable comparison, risk 
factors and for assessing general outcome. Pearson’s test was 
used to attest correlating factors with complications. A “p” 
value under 0.05 was considered statistically significant.

Results

Demographics

Thirty-three multi-rod patients and a matched control group 
of 33 two-rod patients were analyzed and compared. As a 
matched cohort study, no statistical difference was favored 
for demographical and preoperative characteristics. Patients’ 
age, gender, weight, height and BMI were not different 
between groups (Table 1).

Surgical considerations

Surgical treatment was individualized regarding each 
patient, but all of them shared standardized considera-
tions. Instrumented levels were from 5 to 18 levels. All 
the patients underwent pelvic fixation through standard 
iliac screws. Osteotomies performed were 27 pedicle sub-
traction osteotomies (PSO) and 20 patients with simple 
or multilevel posterior column osteotomies (PO). Rod 
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Table 1   Data comparison of 
multi-rod group versus two-rod 
group

Multi-rod group Two-rod control 
group

p

Demographics
 Age 68.76 71.94 0.114
 Gender 0.569
  Female 24.00 26.00
  Male 8.00 6.00

 Body mass index 26.72 27.15 0.697
 Weight (kg) 70.64 71.39 0.789
 Height (cm) 162.70 162.30 0.853

Surgical considerations
 Instrumented levels 10.15 9.82 0.664
 Three-column osteotomy 17.00 10.00 0.085
 Posterior column osteotomy 9.00 11.00 0.595
 Number of rod columns 3.70 2.00 0.000
 Rod material (no. of patients)
  Titanium 13.00 21.00 0.051
  Cobalt–chromium 13.00 12.00 0.801
  Mixed 7.00 0.00 0.005
  Rod diameter (mm) 5.98 6.02 0.541

 Decompression (no. of patients) 10.00 9.00 0.790
 Anterior fusion with cage (no. of patients) 26.00 21.00 0.118
 Total blood loss (mm) 1376.18 1344.97 0.901
 Total surgical time (min) 192.88 199.70 0.660
 Hospitalization days 13.85 11.09 0.246
 Previous surgeries 0.42 0.24 0.121

Preoperative HRQoL
 NRS back pain 6.52 6.76 0.601
 COMI back score 6.89 6.82 0.876
 ODI score 46.42 44.82 0.663
 SRS22 total score 2.55 2.57 0.890
 SF36 physical complete score 35.37 33.87 0.376
 SF36 mental complete score 38.37 40.40 0.536

Preoperative radiographical measurements
 Coronal Cobb angle (°) 29.26 21.77 0.024
 Sagittal vertical axis (mm) 106.40 81.88 0.092
 Thoracic kyphosis (°) 34.33 33.99 0.937
 Lumbar lordosis (°) − 26.68 − 27.64 0.795
 Pelvic tilt (°) 27.13 30.10 0.163
 Sacral slope (°) 28.24 25.87 0.327
 Global tilt 40.37 40.39 0.995
 Lumbar lordosis index 2.85 3.93 0.356
 PI-LL 28.69 28.37 0.929
 TK + LL + PI 63.01 62.30 0.875

Postoperative HRQoL
 NRS back pain 3.18 3.53 0.323
 COMI back score 3.41 4.11 0.314
 ODI score 30.21 34.12 0.676
 SRS22 total score 3.55 3.37 0.496
 SF36 physical complete score 41.64 39.41 0.441
 SF36 mental complete score 44.77 45.24 0.717
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material varied between chrome–cobalt, titanium alloy or 
both types of rods in one patient (considered as titanium 
alloy, for comparative analysis). Anterior interbody fusion 
was performed in 44 patients from different approaches 
(posterolateral or anterior/oblique) in one to three levels. 
Decompression was performed in one or more levels in 19 
patients with fenestration technique. Instrumented levels, 
osteotomies, rod material, anterior fusion, decompression 
and number of previous surgeries were matched and there-
fore not statistically different between groups (Table 1).

Total blood loss (mean 1360 milliliters), surgical time 
(mean 196 min) and hospitalization days (mean 12.4 days) 
were not statistically different between groups.

Radiographical outcomes

Preoperative radiographical measurements regarding 
deformity and sagittal malalignment (SVA, TK, LL, PI, 
PT, SS, CD, GT, LLI, PI-LL, TK + LL + PI) were not 
statistically different, with exception of CD, which was 

Table 1   (continued) Multi-rod group Two-rod control 
group

p

Postoperative radiographical measurements
 Coronal Cobb angle (°) 19.82 12.06 0.001
 Sagittal vertical axis (mm) 39.90 45.78 0.840
 Thoracic kyphosis (°) 49.78 52.14 0.678
 Lumbar lordosis (°) − 50.91 − 48.43 0.375
 Pelvic tilt (°) 21.27 25.08 0.062
 Sacral slope (°) 34.10 30.85 0.142
 Global tilt 24.85 28.57 0.207
 Lumbar lordosis index 1.12 1.20 0.193
 PI-LL 4.46 7.53 0.300
 TK + LL + PI 53.62 58.48 0.232

Improvement
 NRS back pain 3.33 3.22 0.854
 COMI back score 3.47 2.70 0.192
 ODI score 16.21 10.70 0.146
 SRS22 total score 4.66 10.71 0.200
 SF36 physical complete score 4.21 6.35 0.461
 SF36 mental complete score 2.41 1.10 0.429
 MCID NRS back pain 72% 80% 0.573
 MCID COMI back score 69% 64% 0.436
 MCID ODI score 59% 52% 0.330
 MCID SRS22 total score 79% 64% 0.066
 MCID SF36 physical complete score 66% 60% 0.454
 Coronal Cobb angle (°) 10.46 9.82 0.812
 Sagittal vertical axis (mm) 74.95 51.13 0.123
 Lumbar lordosis (°) 25.73 24.58 0.716
 Thoracic kyphosis (°) 14.65 17.58 0.305
 Pelvic tilt (°) 6.44 8.38 0.172
 Sacral slope (°) 7.09 8.10 0.489
 Lumbar lordosis index 1.92 2.65 0.535
 Pelvic incidence–lumbar lordosis 24.20 20.82 0.380
 TK + LL + PI difference 8.77 2.67 0.059
 Global tilt 24.80 28.50 0.207

Italicized values: statistical significance
MM millimeters; ° degrees, HRQOL health-related quality-of-life parameters, PI pelvic incidence, LL 
lumbar lordosis, TK thoracic kyphosis, NRS Pain Numeric Rating Scale, COMI Core Outcome Measures 
Index, ODI Oswestry Disability Index, SRS-22 Scoliosis Research Society Questionnaire, SF-36 Short-
Form Survey 36 Questions, MCID Minimum Clinically Important Difference
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higher in the multi-rod group (p = 0.024). Both groups had 
significant postoperative improvement in all the measure-
ments with the surgical treatment (p < 0.001). The average 
improvement was: SVA = 63.03°, TK = 16.1°, LL = 25.1°, 
PT = 5.5°, SS = 5.4°, CD = 10.1°, GT = 26.6°, LLI = 2.2, 
PI-LL = 22.5, TK + LL + PI = 5.7.

Analysis detected little difference between groups in the 
radiographical postoperative outcomes (p = 0.652).

Clinical outcomes

Both groups have significant improvement in the HRQoL 
scores (p < 0.0001) (Table 1).

MCID was obtained in more than half of the patients 
for all the scores (76% for NRS Back Pain, 67% for COMI 
score, 56% for ODI score, 72% for SRS22 score, 63% for 
SF-36 PCS). Univariate and multivariate analysis also 
detected no difference between the HRQoL postoperative 
outcomes (p = 0.873) between the two-rod and the multi-
rod groups.

Complications

40.9% of the patients had a surgical complication 
(Table 2). 77% of these complications were mechanical 
failure and are described below. Of the non-mechanical 
complications, we had five patients with postoperative 
radicular pain (Multi-Rod: 3 vs two-rod: 2) treated con-
servatively and two deep wound infections (one each) who 
required surgical wound debridement.

Proximal joint kyphosis (PJK)

PJK occurred in six cases (9%), three of each group. Of 
these, three required revision surgery, two of them from 
the two-rod group. Related factors were higher postopera-
tive coronal deformity Cobb angle (p = 0.025) and preop-
erative T1 tilt (p = 0.013). Revision surgery consisted of 
instrumentation extension.

Rod breakage and pseudarthrosis

Rod breakage was the most frequent complication (12 
cases, 18%), and it required revision surgery when associ-
ated with pseudarthrosis and/or clinical deficit (7 cases). 
The time of appearance of rod breakage was in average 
912 days after surgery (234–645 days), but there was no 
difference between groups (p = 0.692). Rod breakage was 
more frequent in the two-rod group (8 vs 4, p = 0.089, 
considering rod breakage in the multi-rod group when it 
occurred in the reinforced segment), as well as the respec-
tive revision surgery for those cases (6 vs 1 p = 0.046). 
Patients undergoing revision surgery concerning rod 
breakage had significantly low HRQoL scores just before 
the revision surgery, particularly in the pain scores (NRS 
back pain p = 0.008, ODI p = 0.035, COMI p = 0.097). Fac-
tors related to surgical revision were higher TK correction 
(p = 0.001), longer instrumentation (p = 0.037) and higher 
SVA correction (p = 0.049) (Table 3). The area of failure 
always happened in the lumbar area in both the multi-rod 
and two-rod patients, but it was not always related to the 
osteotomy site; in some patients, it happened in the lum-
bosacral segment. A special consideration is one patient of 
the multi-rod group that required revision surgery for rod 
breakage and pseudarthrosis. This patient got the breakage 
and pseudarthrosis in the L5–S1 segment, which was distal 
to the reinforced segment of instrumentation (two rods 
only in L5–S1 level with pelvic fixation) (Fig. 2).

Table 2   Comparison of the complications between the groups

Italicized values: statistical significance
PJK proximal junctional kyphosis

Multi-rod 
group

Two-rod 
group

p

Total 12 15 0.460
Mechanical 7 14 0.111
 Rod breakage 4 8 0.208
 With pseudarthrosis 1 5 0.089
 PJK 3 3 1.000
 Screw breakage 1 2 0.310
 Screw dislodgement 0 1 0.321

Deep infection 1 1 1.000
Radicular pain 3 2 0.321
Revision surgery
 Rod breakage and pseudar-

throsis
1 6 0.046

 PJK 1 2 0.310

Table 3   Factors related to rod breakage revision surgery

Italicized values: Statistical significance
SVA sagittal vertical axis, TK thoracic kyphosis, mm millimeters, ° 
degrees

Revision (7) No revision (59) p

Length of instrumentation 12.2 9.7 0.001
SVA correction (mm) 106.86 57.85 0.037
TK correction (°) 30.02 14.47 0.049
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Discussion

The primary objective of surgery on our ASD patients was to 
improve HRQoL through sagittal balance restoration, degen-
erative disease improvement (decompression of stenosis, 
immobilize arthritic facets, etc.) and/or deformity correction. 
Long spinal fusions with pelvic fixation have demonstrated 
superiority to short not pelvic-fixated fusions in a long term 
[5, 6, 21]. In this study, the general outcome of surgical 
treatment led toward patient’s improvement. HRQoL scores 
and radiographical outcomes had a significant improvement, 
and these were similar between groups. Though we did not 
expect to find a substantial benefit in these areas with the 
multi-rod construct, we are more concerned with pointing 
out that no disadvantage was found.

Complications in ASD surgery have a mean reported 
incidence of 42% overall [1, 7]. The most common major 
complications described are PJK and rod breakage [21]. We 
found a similar prevalence of such complications.

Inconsistently to the results of Han et al. [11], we did 
not find any more prevalence of PJK in multi-rod patients, 
but our time of follow-up is probably not long enough. In 
this study, he reports that the increased stiffness in multi-
rod constructs of chrome–cobalt might predispose to PJK. 
The author also stated that the appearance time was less 

in such stiffer constructs. Our multi-rod constructs always 
leave a proximal two-rod segment. We believe that this 
might diminish the stress energy of the adjacent rigid con-
struct as it is transitioned through the spine. This is com-
parable to the load-sharing principles used in semirigid 
instrumentations [22]. Therefore, the mechanical factors 
affecting PJK in multi-rod constructs might behave simi-
larly to those of two-rod constructs.

Soroceanu et al. [21] and Daniel et al. [23] reported rod 
breakage in ASD surgery with an incidence between 9.5 
and 15%. Reported related factors were: worse preopera-
tive and postoperative sagittal malalignment, more SVA 
and TK surgical correction, older age, worse ASA score, 
heavier patients, longer fusions, three-column osteoto-
mies, rod material and diameter. Our results agree with the 
longer fusions and higher SVA and TK correction. These 
translate in higher “lever arm” energy creating greater 
mechanical stress to the rods. Therefore, increasing the 
stiffness and the load sharing with additional rods may 
resist better these forces and prevent the implant failure. 
Taking in consideration material and diameters of the rods, 
there was not statistical difference between broken and not 
broken rods. Decision making in the selection of material 
and diameters is in many cases surgeon dependent, but vast 

Fig. 2   Special consideration 
patient of the multi-rod group 
suffered implant failure that 
required revision surgery; rod 
breakage (white circle), rod 
dislodgement (black circle) 
and pseudarthrosis (L5–S1) 
occurred distally adjacent to the 
multi-rod segment



893European Spine Journal (2020) 29:886–895	

1 3

knowledge of the properties of each kind of rod (stiffness, 
Young’s modulus, etc.) is essential.

Revision surgery for rod breakage with pseudarthro-
sis was significantly lower with the multi-rod construct 
(p = 0.046). Similar studies comparing techniques that also 
consist of some types of multi-rod construct agree that 
rod breakage and pseudarthrosis can be diminished when 
improving the stability of the construct [8–12]. Several bio-
mechanical anatomical model studies have demonstrated the 
increased stability that can be achieved with the addition of 
peripheral rods in the posterior instrumentation construct 
[13–15]. Hence, reduction can be kept longer and if there 
is failure of one or two rods, the remaining unbroken rod 
can still supply enough stability to promote fusion. This 
is inferred from the not-revised broken rod patients of the 
multi-rod group. The use of posterior graft in a well-pre-
pared interspinous and laminar bone bed remains mandatory. 
This does not disregard the use of interbody fusion cages; 
they are still recommended when correctly indicated.

Revision surgery was importantly related to lower 
HRQoL scores, especially the pain scores. Bourghli et al. 
[24] stated that lack of improvement after 6 months of sur-
gery predicts high revision rate in ASD patients. Even if the 
results of our multi-rod patients did not have significantly 
better HRQoL parameters than the two-rod patients, the 
interpolation to probable less revision surgery in the future 
might affect further HRQoL positively.

The importance of pelvic fixation and its reinforcement 
with multi-rod construct is denoted by the case of adja-
cent segment implant failure and pseudarthrosis in L5-S1 
(Fig. 2). The segment L5-S1 is considered the one with most 
flexion/extension mobility in the lumbar spine. Therefore, 
it is in high risk of pseudarthrosis and implant failure when 
fusion is performed. Shen et al. prompt the use of pelvic 
fixation to diminish this problem [25]. He also addresses 
the issue of different segmental stiffness in outrigger and 
satellite rods as the forces are transmitted to the adjacent 
two-rod segment [8]. For this, he implements the previ-
ously mentioned ‘dual construct’ technique, which not only 
reinforces the lumbosacral junction, but also transmits the 
forces in pedicle independent manner. The disadvantage of 
this procedure is its technically demanding complexity, as 
stated by the author.

We acknowledge that this study has several limitations 
which are important to consider. Like any retrospective 
study, selection bias may affect the results of the study. To 
minimize this, we selected patients which complied with 
strict characteristics to homogenize the main group and the 
comparative cohort. Another weakness of this study is the 
little time of follow-up. The mean postoperative time of 
rob breakage is longer than the minimum follow-up period. 
Favorably, even if follow-up was longer in the two-rod 
group, this was not statistically different between groups. 

Multi-rods are being used more frequently in recent years in 
response to the growing learning curve of the surgeons. So, 
a minimum follow-up of 1 year was used to maintain power 
of analysis. Regarding the variable of a prior surgery, if the 
multiple-rod construct is developed for an initial case, it has 
different loads and requirements, than if it is for a revision 
case. For example, if there was a previous fusion, rigidity 
of the spine deformity will require stronger constructs or 
more destabilizing procedures, like PSO. Finally, consider-
ing the drawback of a low population study, we propose 
bigger multicenter studies to support further guidelines on 
the use of multi-rods.

Conclusion

In ASD surgery, the addition of extra rods to the construct 
may not necessarily present a demanding technical challenge 
for the spine surgeon; even sometimes, they facilitate the 
reduction and fixation. Disregarding the notorious incidence 
of complication in complex deformity surgery, no major 
disadvantage on the use of multi-rod construct was identi-
fied. No more bleeding, surgical time, hospitalization time, 
infection or neurological complications were statistically dif-
ferent. This suggests, in this and several other studies, that 
the benefits might outweigh any possible disadvantage. The 
author suggests the use of multi-rod constructs and its exten-
sion to the lumbosacral junction in long instrumentations of 
patients with ASD, when high level of sagittal malalignment 
and deformity is to be corrected.

Compliance with Ethical Statement 

Conflict of interest  There are no conflicts of interest for this article.

References

	 1.	 Graham RB, Sugrue PA, Koski TR (2016) Adult degenerative 
scoliosis. Clin Spine Surg 29(3):95–107. https​://doi.org/10.1097/
BSD.00000​00000​00036​7

	 2.	 Wang G, Hu J, Liu X, Cao Y (2015) Surgical treatments for degen-
erative lumbar scoliosis: a meta analysis. Eur Spine J 24(8):1792–
1799. https​://doi.org/10.1007/s0058​6-015-3942-x

	 3.	 Schwab F, Blondel B, Bess S et al (2013) Radiographical spin-
opelvic parameters and disability in the setting adult spinal 
deformity. Spine 2013(38):803–812

	 4.	 Takemoto M, Boissière L, Vital JM, Pellisé F, Perez-Grueso FJS, 
Kleinstück F, Acaroglu ER, Alanay A, Obeid I (2017) Are sagittal 
spinopelvic radiographic parameters significantly associated with 
quality of life of adult spinal deformity patients? Multivariate lin-
ear regression analyses for pre-operative and short-term post-oper-
ative health-related quality of life. Eur Spine J 26(8):2176–2186. 
https​://doi.org/10.1007/s0058​6-016-4872-y

https://doi.org/10.1097/BSD.0000000000000367
https://doi.org/10.1097/BSD.0000000000000367
https://doi.org/10.1007/s00586-015-3942-x
https://doi.org/10.1007/s00586-016-4872-y


894	 European Spine Journal (2020) 29:886–895

1 3

	 5.	 Zeng Y, White AP, Albert TJ, Chen Z (2012) Surgical strategy in 
adult lumbar scoliosis: the utility of categorization into 2 groups 
based on primary symptom, each with 2-year minimum follow-up. 
Spine (Phila Pa 1976). 37(9):E556–E561. https​://doi.org/10.1097/
brs.0b013​e3182​4af5c​6

	 6.	 Fujishiro T, Boissière L, Cawley DT, Larrieu D, Gille O, Vital 
JM, Pellisé F, Pérez-Grueso FJS, Kleinstück F, Acaroglu E, 
Alanay A, Obeid I, European Spine Study Group, ESSG (2018) 
Decision-making factors in the treatment of adult spinal deform-
ity. Eur Spine J 27(9):2312–2321. https​://doi.org/10.1007/s0058​
6-018-5572-6

	 7.	 Pichelmann MA, Lenke LG, Bridwell KH, Good CR, OLeary PT, 
Sides BA (2010) Revision rates following primary adult spinal 
deformity surgery six hundred forty-three consecutive patients 
followed up to twenty two years postoperative. Spine (Phila Pa 
1976) 35(2):219–226

	 8.	 Shen FH, Qureshi R, Tyger R, Lehman R, Singla A, Shimer A, 
Hassanzadeh H (2018) Use of the “dual construct” for the manage-
ment of complex spinal reconstructions. Spine J 18(3):482–490

	 9.	 Hyun SJ, Lenke LG, Kim YC, Koester LA, Blanke KM (2014) 
Comparison of standard 2-rod constructs to multiple-rod con-
structs for fixation across 3-column spinal osteotomies. Spine 
(Phila Pa 1976) 39(22):1899–1904

	10.	 Palumbo MA, Shah KN, Eberson CP, Hart RA, Daniels AH 
(2015) Outrigger rod technique for supplemental support of pos-
terior spinal arthrodesis. Spine J 15(6):1409–1414

	11.	 Han S, Hyun SJ, Kim KJ, Jahng TA, Lee S, Rhim SC (2017) 
Rod stiffness as a risk factor of proximal junctional kyphosis after 
adult spinal deformity surgery: comparative study between cobalt 
chrome multiple-rod constructs and titanium alloy two-rod con-
structs. Spine J 17(7):962–968

	12.	 Merrill RK, Kim JS, Leven DM, Kim JH, Cho SK (2017) Multi-
rod constructs can prevent rod breakage and pseudarthrosis at 
the lumbosacral junction in adult spinal deformity. Glob Spine J 
7(6):514–520. https​://doi.org/10.1177/21925​68217​69939​2

	13.	 Luca A, Ottardi C, Sasso M, Prosdocimo L, La Barbera L, Brayda-
Bruno M, Galbusera F, Villa T (2017) Instrumentation failure 
following pedicle subtraction osteotomy: the role of rod material, 
diameter, and multi-rod constructs. Eur Spine J 26(3):764–770. 
https​://doi.org/10.1007/s0058​6-016-4859-8

	14.	 Hallager DW, Gehrchen M, Dahl B, Harris JA, Gudipally M, Jen-
kins S, Wu AM, Bucklen BS (2016) Use of supplemental short 
pre-contoured accessory rods and cobalt chrome alloy posterior 
rods reduces primary rod strain and range of motion across the 
pedicle subtraction osteotomy level: an in vitro biomechanical 
study. Spine (Phila Pa 1976). 41(7):E388–E395. https​://doi.
org/10.1097/brs.00000​00000​00128​2

	15.	 Kelly BP, Shen FH, Schwab JS, Arlet V, Diangelo DJ (2008) Bio-
mechanical testing of a novel four-rod technique for lumbo-pelvic 
reconstruction. Spine (Phila Pa 1976) 33(13):E400–E406

	16.	 Lazennec JY, Brusson A, Folinais D, Zhang A, Pour AE, Rous-
seau MA (2015) Measuring extension of the lumbar-pelvic-femo-
ral complex with the EOS® system. Eur J Orthop Surg Traumatol 
25(6):1061–1068. https​://doi.org/10.1007/s0059​0-015-1603-8

	17.	 Obeid I, Hauger O, Aunoble S, Bourghli A, Pellet N, Vital JM 
(2011) Global analysis of sagittal spinal alignment in major 
deformities: correlation between lack of lumbar lordosis and 
flexion of the knee. Eur Spine J 20(S5):681–685

	18.	 Boissière L, Vital JM, Aunoble S, Fabre T, Gille O, Obeid I (2015) 
Lumbo-pelvic related indexes: impact on adult spinal deformity 
surgery. Eur Spine J 24(6):1212–1218. https​://doi.org/10.1007/
s0058​6-014-3402-z

	19.	 Obeid I, Bourghli A, Larrieu D, Laouissat F, Challier V, Pointillart 
V, Gille O, Vital JM, Senegas J, Boissière L (2016) The global 
tilt: evaluation of a parameter considering the global spinopelvic 
alignment. J Med Liban 64(3):146–151

	20.	 Yuksel S, Ayhan S, Nabiyev V, Domingo-Sabat M, Vila Casade-
munt A, Obeid I, Perez-Grueso FS, Acaroglu E, European Spine 
Study Group (ESSG) (2018) Minimum clinically important dif-
ference of the health related quality of life scales in adult spinal 
deformity calculated by latent class analysis is it appropriate to 
use the same values for surgical and nonsurgical patients. Spine J 
pii S1529-9430(18):30650–30658. https​://doi.org/10.1016/j.spine​
e.2018.07.005

	21.	 Soroceanu A, Diebo BG, Burton D, Smith JS, Deviren V, Shaf-
frey C, Kim HJ, Mundis G, Ames C, Errico T, Bess S, Hostin R, 
Hart R, Schwab F, Lafage V, International Spine Study Group 
(2015) Radiographical and implant-related complications in 
adult spinal deformity surgery: incidence, patient risk factors, 
and impact on Health-Related Quality of Life. Spine (Phila Pa 
1976) 40(18):1414–1421. https​://doi.org/10.1097/BRS.00000​
00000​00102​0

	22.	 Ahn YH, Chen WM, Lee KY, Park KW, Lee SJ (2008) Com-
parison of the load-sharing characteristics between pedicle-based 
dynamic and rigid rod devices. Biomed Mater 3(4):044101. https​
://doi.org/10.1088/1748-6041/3/4/04410​1

	23.	 Daniels AH, DePasse JM, Durand W, Hamilton DK, Passias P, 
Kim HJ, Protopsaltis T, Reid DBC, LaFage V, Smith JS, Shaffrey 
C, Gupta M, Klineberg E, Schwab F, Burton D, Bess S, Ames C, 
Hart RA, International Spine Study Group (2018) Rod fracture 
after apparently solid radiographic fusion in adult spinal deformity 
patients. World Neurosurg 117:e530–e537

	24.	 Bourghli A, Boissiere L, Larrieu D, Vital JM, Yilgor C, Pellisé 
F, Alanay A, Acaroglu E, Perez-Grueso FJ, Kleinstück F, Obeid 
I, European Spine Study Group (2017) Lack of improvement in 
health-related quality of life (HRQOL) scores 6 months after sur-
gery for adult spinal deformity (ASD) predicts high revision rate 
in the second postoperative year. Eur Spine J 26(8):2160–2166. 
https​://doi.org/10.1007/s0058​6-017-5068-9

	25.	 Shen FH, Mason JR, Shimer AL, Arlet VM (2013) Pelvic fixation 
for adult scoliosis. Eur Spine J Suppl 2:S265–S275. https​://doi.
org/10.1007/s0058​6-012-2525-3

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/brs.0b013e31824af5c6
https://doi.org/10.1097/brs.0b013e31824af5c6
https://doi.org/10.1007/s00586-018-5572-6
https://doi.org/10.1007/s00586-018-5572-6
https://doi.org/10.1177/2192568217699392
https://doi.org/10.1007/s00586-016-4859-8
https://doi.org/10.1097/brs.0000000000001282
https://doi.org/10.1097/brs.0000000000001282
https://doi.org/10.1007/s00590-015-1603-8
https://doi.org/10.1007/s00586-014-3402-z
https://doi.org/10.1007/s00586-014-3402-z
https://doi.org/10.1016/j.spinee.2018.07.005
https://doi.org/10.1016/j.spinee.2018.07.005
https://doi.org/10.1097/BRS.0000000000001020
https://doi.org/10.1097/BRS.0000000000001020
https://doi.org/10.1088/1748-6041/3/4/044101
https://doi.org/10.1088/1748-6041/3/4/044101
https://doi.org/10.1007/s00586-017-5068-9
https://doi.org/10.1007/s00586-012-2525-3
https://doi.org/10.1007/s00586-012-2525-3


895European Spine Journal (2020) 29:886–895	

1 3

Affiliations

Fernando Guevara‑Villazón1   · Louis Boissiere1 · Kazunori Hayashi1   · Daniel Larrieu1 · Soufiane Ghailane1   · 
Jean‑Marc Vital1 · Olivier Gille1 · Vincent Pointillart1 · Ibrahim Obeid1 · Anouar Bourghli2

 *	 Fernando Guevara‑Villazón 
	 fer.guevara@gmail.com

	 Louis Boissiere 
	 boissierelouis@yahoo.fr

	 Kazunori Hayashi 
	 m0028898@msic.med.osaka‑cu.ac.jp

	 Daniel Larrieu 
	 larrieudaniel@gmail.com

	 Soufiane Ghailane 
	 soufiane.ghailane@gmail.com

	 Jean‑Marc Vital 
	 vital.jean‑marc@wanadoo.fr

	 Olivier Gille 
	 olivier.gille@chu‑bordeaux.fr

	 Vincent Pointillart 
	 vincent.pointillart@chu‑bordeaux.fr

	 Ibrahim Obeid 
	 ibrahim.obeid@gmail.com

	 Anouar Bourghli 
	 anouar.bourghli@gmail.com

1	 Department of Spinal Surgery Unit 1, Universite de 
Bordeaux, Bordeaux University Hospital, C.H.U Tripode 
Pellegrin, Place Amelie Raba Leon, 33076 Bordeaux, France

2	 Orthopedic and Spinal Surgery Department, Kingdom 
Hospital, P. O. Box 84400, Riyadh 11671, Saudi Arabia

http://orcid.org/0000-0001-8831-1767
http://orcid.org/0000-0002-2765-822X
http://orcid.org/0000-0002-3401-1838

	Multiple-rod constructs in adult spinal deformity surgery for pelvic-fixated long instrumentations: an integral matched cohort analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Introduction
	Objective

	Materials and methods
	Patient population
	Clinical, surgical and radiographical data collection
	Statistical analysis

	Results
	Demographics
	Surgical considerations
	Radiographical outcomes
	Clinical outcomes
	Complications
	Proximal joint kyphosis (PJK)
	Rod breakage and pseudarthrosis


	Discussion
	Conclusion
	References




