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Revision Surgery for a Rod Fracture with Multirod 
Constructs Using a Posterior-Only Approach 
Following Surgery for Adult Spinal Deformity
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Study Design: Single-center retrospective case series.
Purpose: We aimed to evaluate the clinical results of revision surgery for a rod fracture using a posterior-only approach and deter-
mine the best procedure to prevent refracture in patients with adult spinal deformity (ASD).
Overview of Literature: ASD affects the thoracolumbar spine and often requires surgical correction. However, surgery for extensive 
spinal fusion causes rod fracture, a major mechanical complication. Few studies have described the treatment methods for rod frac-
tures. Furthermore, the clinical outcomes of revision surgery for rod fractures in patients with ASD are currently unclear.
Methods: We retrospectively reviewed the medical records of 404 patients who underwent corrective fusion surgery for ASD with 
a minimum 2-year follow-up. We studied cases of reoperation for postoperative rod fractures and investigated surgical procedure, 
intraoperative findings, clinical course, and rod refracture following revision surgery.
Results: Rod fracture was observed in 88 patients (21.8%). Fifty-three patients (average age, 68.3 years; average blood loss, 502.2 
mL [% estimated blood volume=16.4%]; and operation time, 203.3 minutes) who suffered from a rod fracture at an average of 28.3 
months after the primary operation underwent reoperation. Surgical invasiveness had no significant differences in total or partial rod 
replacement; however, the procedures with and without an anterior bone graft significantly differed. The replaced rod refractured at 
an average of 35.3 months after the revision surgery of five patients. The rod also refractured at a level outside multiple rods in two 
patients and with traumatic episodes in three patients. Three patients had bone grafts in the anterior column.
Conclusions: Revision surgery involving a multirod with a posterior-only approach for a rod fracture that occurred after ASD was 
performed successfully. Bone grafting in the anterior column is unnecessary for patients without massive bone defects.
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Introduction

Adult spinal deformity (ASD) is a complex disorder that 

affects the thoracolumbar spine and often requires surgi-
cal correction, which can cause mechanical complications, 
particularly implant-related complications such as proxi-
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mal or distal junctional failure, screw pullout, and rod 
fracture [1-3]. The incidence of implant-related complica-
tions is 31.7% [1], which remains an unsolved problem. 
One of the major mechanical complications following 
surgery for extensive spinal fusion (especially regarding 
fusion to the pelvis) is rod fracture [4-9]. Many studies 
have reported a high incidence of rod fracture although 
few have described the treatment methods for rod frac-
ture [10,11]. Indications for reoperation vary depending 
on the given study and surgeons [10,11]. Rod fractures are 
mainly caused by osseous nonunion [12]. Therefore, rods 
may fracture again after reoperation for rod replacement 
or reinforcement. However, studies have yet to clarify 
whether reoperation can alleviate the symptoms caused by 
fractured rods. Furthermore, the clinical course following 
rod fracture reoperation is unclear.

Reoperation can be performed using various surgical 
techniques such as replacement of all rods, partial replace-
ment, reinforcement with connectors, bone graft in the 
anterior nonunion site, and multirod constructs. Luca et 
al. [10] reported a case series of patients who underwent 
revision surgery after the failure of pedicle subtraction 
osteotomy with rod fractures. They preferred cage inser-
tion to reconstruction of the anterior column by adopting 
a combined posteroanterior approach or a lateral com-
bined approach. We usually perform revision surgery via 
a single posterior approach with multirod constructs. This 
study aimed to evaluate the clinical results of reoperation 
using a single posterior approach for rod fracture and de-
termine the best procedure that could prevent refracture.

Materials and Methods

This study was conducted in compliance with the prin-
ciples of the Declaration of Helsinki. The study’s protocol 
was reviewed and approved by the institutional review 
board of of Hamamatsu University School of Medicine 
(approval no., 20-107). The need for informed consent was 
waived because of the retrospective nature of the study. 
Data were retrospectively collected from a prospectively 
maintained database containing the operation records of 
404 patients who underwent surgery for ASD at the Uni-
versity Hospital, Hama matsu University School of Medi-
cine between June 2010 and March 2018 and had a mini-
mum 2-year follow-up. ASD was defined as the presence 
of at least one of the following indicators: degenerative or 
idiopathic scoliosis, congenital deformity, deformity with 

posttraumatic fracture, or iatrogenic deformity. Patients 
with ASD who underwent reoperation for rod fracture 
were included in this study. They were reoperated for rod 
fracture depending on their symptoms and request [11].

The following demographic variables were obtained: 
age, sex, perioperative surgical data of primary and revi-
sion surgeries, intraoperative bleeding, operating time, 
number of levels fused, fusion to the pelvis, and rod frac-
ture site. The presence or absence of injuries that might 
have occurred when the rod was fractured was evaluated 
separately. Additionally, daily living activities, injuries 
such as falls, and absence of injuries were included. Surgi-
cal procedures and intraoperative findings on bone union 
were examined.

The clinical course of the symptoms and rod refracture 
after revision surgery was investigated through plain ra-
diography. A rod fracture was defined as a fracture of the 
rod identified with radiography regardless of the presence 
of symptoms, including fractures incidentally detected 
on the routine examination of a radiograph. The patients 
underwent plain radiography when they visited the hos-
pital for follow-up. The bone union of the anterior spinal 
column was assessed using three-dimensional computed 
tomography (CT) scans before and after rod fracture de-
velopment. The upper and lower connection sites between 
the endplate or the surface of the vertebral osteotomy and 
grafted bone in coronal and sagittal views were used to 
evaluate the bone union at the three-column osteotomy 
and interbody fusion levels. Osseous union was defined as 
continuities in all four sites [11].

1. Operative procedures of revision surgery

Rod fractures were subjected to reoperation based on the 
following concepts: (1) using a posterior-only approach, 
(2) correction only by intraoperative body positioning, 
(3) bone transplantation to the interbody or vertebral 
body of the osteotomy site in patients with obvious bone 
defects on CT, (4) replacement of all the rods when con-
necting them in a series at the breakage site is difficult, (5) 
elongation of the fusion to the proximal side of patients 
with symptomatic proximal junctional kyphosis, and (6) 
application of multirod constructs in all patients. Revision 
surgery was performed by combining these procedures in 
duplicate. Bone grafting to the interbody or osteotomy site 
was performed as follows: the scar tissue was dissected 
from a posterior approach; the disc space and osteotomy 
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site were expanded and curetted; and nonstructural bone 
grafting was performed in the gap of the bone because of 
insufficient space. An autogenous bone from the lamina 
or spinous process was used for the graft. Bone union 
was also evaluated during revision surgery. The mobility 
of the fused segment was examined while applying direct 
passive stress to the screw with the rod removed. Osseous 
nonunion was defined as obvious mobility at the rod frac-
ture site.

2. Statistical analysis

Demographic data were subjected to descriptive statistics, 
including means and standard deviations. Paired t-tests 
were performed to examine the differences in spinopelvic 
parameters before and after revision surgery. Unpaired 
t-tests were conducted to compare the differences in 
surgical parameters between surgical procedures. Data 
were statistically analyzed using EZR ver. 2.6-1 (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R ver. 3.6.1 (The R 
Foundation for Statistical Computing, Vienna, Austria). 
It is a modified version of the R commander designed to 
add statistical functions frequently used in biostatistics 
[13]. Results with p<0.05 were considered statistically sig-
nificant.

Results

Rod fractures were observed in 88 of the 404 patients with 
ASD, and the incidence of rod fractures was 21.8%. A total 
of 53 patients (12 men and 41 women; average age, 68.3; 
range, 41–84 years) were reoperated for rod fractures. The 
average follow-up period, including the first surgery to the 
final follow-up, was 70.1 months (range, 24–120 months). 
Table 1 shows the demographic data, including primary 
operative parameters, of patients who underwent reopera-
tion for rod fractures. After the primary operation, five 
patients underwent an extension to the ilium with a rod 
exchange because of distal junctional kyphosis. A total of 
50 patients had rods fused to the ilium with iliac screws 
before rod fracture. Besides, three patients underwent 
proximal extension for a proximal junctional failure. The 
corresponding reoperation was performed at an average 
of 28.3 months (range, 5–62 months) after the primary 
operation through which the fractured rod was installed.

The average amount of blood loss and the duration of 

Table 1. Demographic characteristics

Characteristic Value

No. of patients 53

Age (yr) 68.3±9.2

Sex

Male 12

Female 41

Initial operation

Operation time (min) 428.8±84.7

Blood loss (mL)   1,860.0±1,141.3

% Estimated blood volume (%)   60.0±38.0

Upper instrumented vertebra

T3 1

T4 8

T5 3

T6 1

T7 2

T8 6

T9 9

T10 23

Lower instrumented vertebra

T12 1

L1 1

L3 1

S1 3

Ilium 47

No. of fusion levels    9.8±2.4

Duration between initial and revision surgery (mo)                28.3±15.0 (5–62) 

Radiofrequency site

PLIF/TLIF 13

Posterolateral lumbar fusion 15

Lateral lumbar interbody fusion 1

Pedicle subtraction osteotomy 15

Posterior vertebral column resection 6

Sacroiliac joint 3

Rod material

Cobalt chromium 3

Titanium alloy 26

Commercially pure titanium 24

No. of rod

2 40

3 10

4 3

(Continued on next page)
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revision surgeries following rod fracture were 502.2 mL 
(% estimated blood volume=16.4%) and 203.3 minutes, 
respectively (Table 2). The average follow-up period, in-
cluding revision surgery until the final follow-up, was 46.7 
months (range, 3–92 months). Two of the patients were 
lost to follow-up within 1 year. The symptoms following 
rod fracture development were alleviated immediately af-
ter the revision surgery of all patients. The number of pa-
tients who underwent each reoperative procedure is pre-
sented in Table 2. The levels of anterior bone grafting were 

Characteristic Value

Present symptom

Back or low back pain 46

Buttock pain 7

Lower leg pain 3

None 5

Injury situation

None 15

Life action 34

Trauma 3

Unknown 1

Radiographic parameters

Preoperative

PI–LL (°) 46.1±24.3

PT (°) 37.8±10.8

SVA (mm) 142.5±80.8

Postoperative

PI–LL (°) 12.1±12.3

PT (°) 22.6±8.6

SVA (mm) 47.1±49.3

Values are presented as number, mean±SD, or mean±SD (range), unless other-
wise stated.
PLIF/TLIF, posterior lumbar interbody fusion/transforaminal lumbar interbody 
fusion; PI, pelvic incidence; LL, lumbar lordosis; PT, pelvic tilt; SVA, sagittal ver-
tical axis; SD, standard deviation.

Table 1. Continued

Table 2. Operative procedure in reoperation for rod fractures (N=53 cases)

Variable Value

Operation time (min) 203.3±63.7

Blood loss (mL)   502.2±477.5

% Estimated blood volume (%)  16.4±16.6

Re-operative method

Total rod replacement 42

Partial rod replacement 11

Bone graft in interbody or osteotomy site 21

Elongation to proximal (for PJK) 12

Multi-rod construct 53

Follow-up period after revision (mo)     46.7 (3–92)

Re-fracture    5

Values are presented as mean±standard deviation, number, or mean (range), 
unless otherwise stated.
PJK, proximal junctional kyphosis.

Table 3. Invasiveness of each procedure

Variable Operation time (min) Blood loss (mL) % Estimated blood volume (%)

Total rod replacement

+ (n=42) 206.6±65.3 474.5±452.2 15.2±15.0

- (n=11) 190.6±58.4 607.9±575.8 21.3±20.2

p-value 0.463 0.415 -

Bone graft in interbody or osteotomy site

+ (n=21) 247.4±40.1 729.5±581.7 23.9±21.4

- (n=32) 174.4±59.9 353.0±325.9 11.3±7.2

p-value <0.001a) 0.004a) -

Elongation to proximal (for PJK)

+ (n=12) 265.8±48.8 631.2±494.1 20.4±19.3

- (n=41) 185.1±55.7 464.4±472.0 15.2±15.6

p-value <0.001a) 0.292 -

Values are presented as mean±standard deviation.
PJK, proximal junctional kyphosis.
a)Statistically significant.
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L5/S1 in 10 patients, L3–L5 in eight patients, and above L3 
in three patients. A bone graft was placed in the anterior 
column at the site of the 3-column osteotomy for six pa-
tients, posterior lumber interbody fusion was performed 
for nine patients, and posterolateral fusion was conducted 
for five patients. The invasiveness of each procedure in 
revision surgery is shown in Table 3. Surgical invasion for 
total or partial rod replacement had no significant differ-
ences. However, surgical invasion for the procedures with 
and without an anterior bone graft significantly differed. 
The replaced rod refractured at an average of 36.3 months 
after the revision surgery of five patients (Table 4).

Bone union and mobility during the reoperation of 49 
patients were compared, but four patients without record-
ed intraoperative CT findings were excluded. Despite the 
diagnosis of bone union on CT, instability was observed 
in eight patients during reoperation. In four patients, CT 
showed no bone fusion, but the intraoperative findings 
indicated no mobility. CT examination on bone fusion 
showed a sensitivity of 78.9% and a specificity of 63.6% 
(Table 5).

1. Illustrative cases

1) Patient 2 (Fig. 1)
A 70-year-old woman was diagnosed with spinal de-

formity caused by progressive supranuclear palsy. She 
underwent a thoracopelvic corrective fusion with an L3 
pedicle subtraction osteotomy (Fig. 1A, B). She reported 
a clicking sound in her back 25 months after the primary 
surgery, and a rod fracture was observed at the osteotomy 
site (Fig. 1C, D). Revision surgery was performed with 
a partial rod replacement and a multirod construct (Fig. 
1E, F). A bilateral rod fracture was detected above the T12 
pedicle screws following a traumatic fall 28 months after 
revision surgery (Fig. 1G, H). Re-revision surgery was 
conducted with a partial rod replacement and multirod 
construct (Fig. 1I, J).

2) Patient 4 (Fig. 2)
A 52-year-old man with an iatrogenic deformity under-
went a corrective fusion surgery from T10 to the ilium for 
ilium fusion. A rod fracture was observed at the L3/4 level 
8 months after the initial surgery (Fig. 2A, B). Revision 
surgery was performed using a posterior approach with a 
total rod replacement, multirod construct, and bone graft 
in the intervertebral disc (Fig. 2C, D). A rod fracture was 
found at the L3/4 and L4/5 levels 47 months after revision 
surgery (Fig. 2E, F). Re-revision surgery was conducted 
with a total rod replacement and multirod construct (Fig. 
2G, H).

Discussion

Rod fracture after ASD surgery is a common mechanical 
complication; however, its treatment has been rarely re-
ported [11]. To the best of our knowledge, our study is the 
first to show the postoperative clinical results of revision 
surgery via a posterior-only approach for rod fracture 
after a corrective fusion for ASD. The incidence of rod 
fractures following ASD surgery was 21.8% (88 patients) 
in this study. A total of 53 patients underwent revision 
surgery for rod fracture 28.3 months (on average) after 

Table 4. Re-fracture patients following revision surgery

Patient no. Age (yr) Sex Duration between revision to re-rod fracture (mo) Injury situation Re-RF site Bone graft in anterior column

1 73 F 36 Traffic accident Below MR +

2 70 F 28 Fall down Above MR -

3 49 F 30 Fall down Inside MR +

4 52 M 47 Lifting Inside MR +

5 57 F 42 No injury Inside MR +

RF, radiofrequency; F, female; M, male; MR, multi-rod construct.

Table 5. Comparison between intraoperative findings and CT findings

Bone union on CT
Mobility in revision surgery

+ – Unknown Total

+ 8 7 0 15

– 30 4 4 38

Total 38 11 4 53

CT, computed tomography.
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Fig. 2. Whole spine radiographs of patient 4 in the standing position. (A, B) After rod fracture. The arrow 
identifies the rod fracture. (C, D) Revision surgery for the rod fracture. (E, F) Re-fracture at the L3/4 and 
L4/5 levels. The arrows identify the rod fracture. (G, H) After re-revision surgery.

Fig. 1. Whole spine radiographs of patient 2 in the 
standing position. (A, B) After the primary operation. 
(C, D) After rod fracture. The arrow identifies the 
rod fracture. (E, F) After revision surgery for the rod 
fracture. (G, H) After re-fracture at the thoraco-lumbar 
junction. (I, J) After re-revision surgery.

A

G H I J

B C D E F

A B C D

E F G H
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the primary surgery. After the revision surgery, the symp-
toms of all the patients were alleviated. During an average 
of 46.7-month follow-up, only five patients (9.4%) refrac-
tured their replaced rods. Revision surgery showed good 
clinical results regarding symptoms and refracture. Luca 
et al. [10] reported eight patients who underwent revision 
surgery for rod fracture via a combined posteroanterior 
approach or a lateral transpsoas combined approach. They 
reported a mean operative time (including all stages of the 
procedure) of 7.2 hours, and one of the eight patients ex-
perienced a second rod fracture only 8 months after reop-
eration. These findings suggested that the surgical method 
using the posterior-only approach could sufficiently treat 
rod fractures.

Whether anterior reconstruction is necessary for all 
cases is controversial. Daniels et al. [14] showed that 
rod fracture occurs in 9.5% of patients with apparently 
solid radiographic fusion after ASD surgery, and 21.1% 
of these patients required revision surgery. Instruments 
may fail even in cases with evidence of apparent fusion 
on plain radiographs. Our study also found some cases 
with intraoperative findings that differ from CT findings; 
consequently, diagnosing nonunion from CT examination 
was difficult. Luca et al. [10] performed anterior recon-
struction in all cases. In our cases, a bone graft was placed 
in the anterior column of 21 of the 53 patients via the 
posterior approach; however, four of the 21 patients with 
a bone graft in the anterior column refractured their rods. 
Of the 25 patients without an anterior bone graft, only 
one refractured a rod. In addition, refracture occurred at 
a different site from the initial rod fracture in two of the 
five cases. These results showed that refracture occurs 
even after anterior column reconstruction. Anterior and 
transforaminal interbody fusion procedures at the caudal 
levels of long spinal deformity constructs are associated 
with low bilateral rod fracture rates and do not differ in 
the rate of revision surgery between the two groups [15]. 
Further, the prevalence of rod fractures is not significantly 
different between anterior and transforaminal groups 
[15]. Although we performed anterior reconstruction for 
patients with anterior bone defects using the posterior 
approach, no failure occurred in most instances. Anterior 
reconstruction or bone grafting may be unnecessary for 
patients without massive bone defects in the anterior col-
umn.

Multirods are installed to prevent rod fracture after 
ASD surgery [8,16-22]. Through a multirod technique, 

stress on the rod can be avoided [23,24], and the degree 
of rod breakage can be reduced. However, rod fractures 
were detected in 11.8% of patients with a multirod con-
struct after ASD surgery [21]. They mostly occur at the 
lumbosacral junction or an adjacent level [11]. When a 
multirod is used, stress concentrates on its uncovered 
part. As such, a rebreakage is highly likely to occur at the 
edge of a multirod [22]. Therefore, our recommendation 
is that multirods should be installed such that they cover 
the lumbosacral joint (the connector of the iliac screw).

Full or partial replacement of all rods is controversial. 
One method involves reinforcing a rod by using a connec-
tor to bridge its fractured part, but this method is compli-
cated, and transforming the fractured rod into a multirod 
construct is difficult. Connecting the rods with a vertical 
connector is a difficult task during surgery, and removing 
the screw at the bent portion of the lumbosacral junction 
or osteotomy site may be necessary. Although a connec-
tion can be established with a horizontal connector, this 
procedure causes problems such as difficulty in perform-
ing a multirod procedure and possible use of too many 
rods. Therefore, we often remove all rods at once and re-
place them. In this study, no significant changes in surgi-
cal invasion were observed even if all rods were replaced.

This study has several limitations: retrospective design, 
single-center setting, small number of patients, and lack 
of clinical evaluation such as patient-reported outcome 
measurements before and after revision surgery. A longer 
follow-up period is required to determine the long-term 
results of reconstruction using multirods. The most im-
portant limitation is that the present surgical results are 
not compared with other reconstruction method results. 
Although good results of the reoperation were obtained 
in this study, efforts should be devoted to reducing the oc-
currence of rod fractures.

Conclusions

Reoperations for rod fractures after ASD were success-
fully performed clinically. Surgical procedures using a 
posterior-only approach with a multirod that covers the 
lumbosacral joint can prevent the refracture of replace-
ment rods in short to medium term. Further details are 
needed to validate the results of these methods with mul-
tirod constructs in studies that examine medium- to long-
term outcomes.
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