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ABSTRACT

Background: Recent studies support the need for sagittal alignment restoration when performing lumbar
degenerative spinal fusions. The development of patient-specific spine rods (PSSRs) may help maintain or improve
sagittal alignment in these surgeries.

Methods: A retrospective review was conducted for patients who underwent posterior spinal surgeries involving 4
or less levels. The preplanned PSSR radii of curvature (ROC) was compared with standard prebent rods with a ROC of
125 mm. All surgeries were performed at a single institution by 3 surgeons from September 2016 through October 2018.

Data were then compared using a 2-tailed paired t test. PSSR had either 1 or 2 definitive ROCs.
Results: For rods with 2 ROCs, the ‘‘cranial’’ curve was measured between the upper instrumented level and L4 or

L5. The ‘‘caudal’’ curve was measured between L4 or L5 and the lower instrumented level. The PSSR with 1 ROC and
the caudal portion of the rods with 2 ROCs were significantly smaller than the industry standard ROC.

Conclusions: PSSR demonstrate more acute ROC than industry standard rods. In PSRs, the most lordosis occurs
between L4-S1 and flattens out at the thoracolumbar junction, mimicking the normal distribution of lumbar lordosis.
PSSRs could help achieve or maintain sagittal alignment and prevent the sequela of flat back syndrome.

Lumbar Spine
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INTRODUCTION

Lumbar fusion is recognized as an effective

means to treat symptoms of degenerative disc
disease and spinal instability, including pain result-

ing from compression of nerves, in patients who

have not responded to conservative treatments.1

The use of pedicle screw and rod constructs in
lumbar fusion surgery has been shown to improve

immediate postoperative stability and long-term

fusion rates.1 As the techniques and instrumentation

continue to develop, research is focusing on sagittal

alignment, especially in deformity surgery. Certain
parameters, such as sagittal vertical axis and pelvic

incidence-lumbar lordosis, have been shown to

improve patient outcomes as measured by health-

related quality of life scores.2–9 These parameters
are used in adult deformity surgery; however, the

literature is beginning to focus on short-segment

constructs, degenerative spine surgery, and its

relationship to adjacent segment disease and adult

spinal deformity. Specifically, failure through adja-
cent segment disease and loss of lordosis is a

complication in degenerative lumbar spinal fu-
sions.4,6–8,10–12

Leveque et al13 looked at the alignment param-
eters in degenerative lumbar spinal fusions. Twenty-
eight percent of patients were considered malaligned
after short segment fusion surgery. Further, 7% of
those patients were considered to have appropriate
alignment prior to surgery, suggesting surgical
intervention caused the malalignment.8,13 The re-
sults support the implication that alignment preser-
vation, restoration, and improvement should be
considered when performing degenerative lumbar
spinal fusions.8,13 Research into comparative and
varying techniques, however, have not shown a
significant change in the outcomes,1,14 indicating the
need for improved methods. Recent studies in spinal
deformity patients have shown that patient-specific
spine rods (PSSRs) help maintain and improve
sagittal alignment.2,15

Although the issues with maintenance of lordosis
in lumbar degenerative surgery are multifactorial,
the use of precontoured patient-specific rods may
contribute to improved lordosis and long-term
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outcomes. The purpose of this study was to
compare the radius of curvature of patient-specific
rods, prebent for instrumentation based on individ-
ual spinopelvic parameters, to the standard rods
currently in use (125–135 mm) in a typical implant
system.

MATERIALS AND METHODS

Study data were obtained through a retrospective
chart review after institutional review board ap-
proval (17-2141). The medical records of patients
who underwent posterior spinal surgeries involving
4 or less levels, utilizing PSSR (Medicrea, New
York, NY) were compared with the standard rod
radius of curvature. All surgeries were performed at
a single institution by 1 of 3 surgeons from
September 2016 through August 2018. Patient data,
specifically the cranial and caudal radii of curva-
tures (ROCs) for each PSSR, were then compared
with the industry standard prebent rod radius of 125
mm (see Figure 1). Note, 3 level fusion PSSR rods
had 2 different ROCs designated as the cranial and

caudal radii. For example, in an L4-S1 fusion, the
radius of curvature would be different between L4-5
versus L5-S1.

The PSSR was created using standing, preoper-
ative films. The surgical plan was simulated on the
image (transforaminal lumbar interbody fusion
cages, anterior lumbar interbody fusion cages,
osteotomies, etc) and a graphical drawing of the
rod was placed on the image. The plan focused on
lumbar lordosis without fixation to the pelvis and
altering pelvic parameters. The rod was then
manufactured (Medicrea) to the specifications cre-
ated by the simulation and shipped for the surgery.
The rod is used as a guide to ensure the preoperative
surgical plan is met.

The patient was positioned using a Jackson Spine
Table (Mizuho OSI, Union City, CA) and sling. The
rod was placed in a semiopen technique with no
compression across the posterior elements. The
ROC was not changed if the instrumentation
technique was changed.

STATISTICAL METHODS

The mean values of the caudal and cranial radii
were compared with the 125-mm standard rod using
a 2-tailed paired t test. A P , .000001 was found for
the rods with 1 ROC and the caudal end for rods
with 2 ROCs (Tables 1 and 2).

RESULTS

The PSSRs had either 1 or 2 ROCs. For rods with
2 ROCs, the ‘‘Cranial’’ curve was positioned
between the upper instrumented vertebra and L4
or L5. The ‘‘Caudal’’ curve was positioned between
L4 or L5 and the lower instrumented vertebra. The
PSSRs with 1 radius of curvature and the caudal
portion of the rods with 2 ROCs were significantly
smaller (more lordotic) than the industry standard
radius of curvature. The comparative results be-
tween the PSSR and the standard prebent rods is
shown in Tables 1 and 2. A total of 60 patients were

Table 1. Specific rods for the 60 patients.

1 ROC 2 ROC

Number of rods 33 27
1 level fused 12 0
2þ levels fused 21 27

Abbreviation: ROC, radii of curvature.

Table 2. Radius of curvature data for the 60 patients.

1 ROC 2 ROC

Portion of rod N/A Cranial
(UIV-L4/L5)

Caudal
(L4/L5-LIV)

Average curvature,
mm

59 105 68

Standard deviation 23.7 55.9 28.5
P value ,.00001 0.1 ,.00001

Abbreviations: LIV, lower instrumented vertebra; N/A, not available; ROC, radii
of curvature; UIV, upper instrumented vertebra.

Figure 1. A PSSR (patient-specific spine rod) and a standard prebent rod side

by side on a sterile field.
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analyzed. Out of the 60 rods evaluated, 27 had 2
definite curvatures and 33 had 1 curvature.

The standard deviation of the caudal curvature of
the constructs with 2 ROCs is 28.5 (42% of the
average), whereas the standard deviation of the
cranial curvature of the constructs with 2 ROCs is
55.9 (53% of the average). The standard deviation
of the average curvature of the constructs with 1
radius of curvature is 23.7 (40% of the average).
Figures 2 and 3 are postoperative examples of a
PSSR with a ROC of 39 mm.

DISCUSSION

Surgical intervention for degenerative spinal
conditions can be an effective treatment, improving
patient outcomes. In recent years, the importance of
preserving or correcting spinopelvic alignment in
degenerative patients undergoing lumbar fusion
surgeries has become apparent. There are an
increasing number of articles addressing this issue
in the current literature. This includes studies
referring back to previous literature noting the
importance of lumbar lordosis from L4-S1.8 With
the understanding that lordosis has a great impact
on distribution of weight and force, outcomes can
be greatly affected by even a small loss of lordosis
during surgical intervention. Many studies indicate
that an imbalance of the spinopelvic parameters
following lumbar fusion can result in higher rates of

adjacent segment disease and adjacent segment
failure. This in turn can result in recurrence of pain,
reoperation, and the need to extend the fusion or
undergo deformity correction surgery.16 Maintain-
ing or correcting sagittal alignment in a short-
construct fusion may significantly improve patient
outcomes. Degeneration and disk height loss in the
lumbar spine leads to a loss in sagittal balance. The
pathology in itself causes a flat back and thus it is
very easy to fuse patients in that incorrect position
even when we do not pay attention to the

Figure 2. An AP x-ray of the placement of PSSR (patient-specific spine rod)

shown 12 months postoperatively from a L4-LF PSF with ALIF (anterior lumbar

interbody fusion cages).

Figure 3. A lateral x-ray of the placement of PSSR (patient-specific spine rod)

shown 12 months postoperatively from a L4-LF PSF with ALIF (anterior lumbar

interbody fusion cages).

Figure 4. The image demonstrates how a different radius changes the

curvature of the circle and therefore the rod.
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lordosis.10,16 Researchers in the past 4 decades have
noted the prevalence of iatrogenic complications to
lumbar fusions with straight rod instrumenta-
tion.1,2,7–9,13,17,18 Due to these findings, recent years
have shown an increased interest from surgeons to
better understand the role of spinopelvic parameters
and how they can be used to improve health
outcomes for patients with degenerative disc condi-
tions who undergo fusion procedures.

These considerations have already been adopted
by surgeons when planning for spinal deformity
correction, and should be considered for degenera-
tive lumbar spine surgery as well.7,13 Glassman et al3

found that restoration or preservation of sagittal
alignment is a critical goal for fusion surgery. In
their study, it was found to be the most important
radiographic predictor of improved clinical out-
comes and improved health status. Patients with
positive sagittal imbalance reported poorer out-
comes such as more pain, worse function, and worse
self-image. Sagittal alignment plays a significant role
in the success of short-segment lumbar fusion
procedures.19

One of the unintended consequences of standard
rods used in lumbar and thoracolumbar spinal
fusion is the straightening of the lumbar spine
postsurgery.12,20 The use of under-bent rods and/or
rod flattening leads to a spine fused in a straight

position, commonly referred to as ‘‘flatback syn-

drome.’’ Figure 4 exemplifies various ROCs. Mul-

tiple studies have shown that the most common

cause of this phenomenon was iatrogenic, initially
due to Harrington rod instrumentation and tech-

niques.10,11,19,20 This loss of lordosis was found to

result in the acceleration of adjacent segment

disease, cause mechanical low back pain, and cause
sagittal malalignment. More recent studies have

shown flattening of rods after implantation in spinal

deformity patients.21 So even if a rod from the

standard set is further bent to create greater
lordosis, the possibility of an iatrogenic fusion in a

flat position may still exist. The smaller radius of

curvature in a PSSR maintains and may better

match the lumbar curve, potentially improving

quality of life outcomes and decreasing the potential
for complications. Figure 5 shows a simulated

surgical plan for a PSSR with a ROC of 52 mm.

This study is limited as it is only looking at the

rod curvature prior to implantation. Placement of

the rod may greatly impact the amount of lordosis
seen clinically. Furthermore, the use of interbody

devices, the type of approach used, and the use of

mono- versus polyaxial screws may have further

impact on the lordosis. For example, more research
could be done on polyaxial screws and how they

affect the lordosis relative to radius of curvature.

Polyaxial screws have been shown to have limita-

tions on accommodating a flat rod. Leveque et al13

study patients were instrumented with polyaxial

screws, and 28% of patients were still considered to

be malaligned after surgery, further exemplifying

the need to understand the screw’s impact. Further

research is being collected to better understand the
radiographic and clinical outcomes.

In this study, we looked at the radius of curvature

of patient-specific rods and the standard prebent

rods (125 mm). Our analysis shows that the patient-

specific rods had a significantly smaller radius of
curvature than the standard rod. A shorter radius,

and therefore a smaller radius of curvature, allows

for a more pronounced bend in the rod used to

instrument a spinal fusion. The extent the rod is
bent is predetermined using a patient’s sagittal

alignment parameters prior to surgery. In addition,

the radius of curvature varied greatly between the 72

patients. The different curvatures support the use of

a patient-specific, small construct rod to help restore
or maintain the patient’s sagittal alignment.

Figure 5. Example of simulated plan on lateral x-ray image based on

preoperative spinopelvic parameters and postoperative alignment goals.
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CONCLUSIONS

PSSRs demonstrate more acute ROCs than
industry standard rods. In PSSRs, the most lordosis
occurs between L4-S1 and flattens out at the
thoracolumbar junction, mimicking the natural
lumbar lordosis in patients undergoing lumbar or
thoracolumbar fusion surgeries. PSRs could help
achieve or maintain sagittal alignment and prevent
the sequela of flat back syndrome.
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