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Dynamization—Posterior Lumbar Interbody Fusion
for Hemodialysis-Related Spondyloarthropathy:
Evaluation of the Radiographic Outcomes and
Reoperation Rate within 2 Years Postoperatively
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Study Design: Clinical case series.

Purpose: This study aimed to report dynamization—posterior lumbar interbody fusion (PLIF), our surgical treatment for hemodialysis-
related spondyloarthropathy (HSA), and investigate patients’ postoperative course within 2 years.

Overview of Literature: HSA often requires lumbar fusion surgery. Conventional PLIF for HSA may cause progressive destructive
changes in the vertebral endplate, leading to progressive cage subsidence, pedicle screw loosening, and pseudoarthrosis. A dynamic
stabilization system might be effective in patients with a poor bone quality. Thus, we performed “dynamization—PLIF” in hemodialysis
patients with destructive vertebral endplate changes.

Methods: We retrospectively examined patients with HSA who underwent dynamization—PLIF at our hospital between April 2010
and March 2018. The radiographic measurements included lumbar lordosis and local lordosis in the fused segment. The evaluation
points were before surgery, immediately after surgery, 1 year after surgery, and 2 years after surgery. The preoperative and postopera-
tive radiographic findings were compared using a paired t-test. A p-value of less than 0.05 was considered significant.

Results: We included 50 patients (28 males, 22 females). Lumbar lordosis and local lordosis were significantly improved through dy-
namization—PLIF (lumbar lordosis, 28.4°-35.5°; local lordosis, 2.7°-12.8°; p<0.01). The mean local lordosis was maintained through-
out the postoperative course at 1- and 2-year follow-up (12.9°-12.8°, p=0.89 and 12.9°-11.8°, p=0.07, respectively). Solid fusion was
achieved in 59 (89%) of 66 fused segments. Solid fusion of all fixed segments was achieved in 42 cases (84%). Within 2 years post-
operatively, only six cases (12%) were reoperated (two, surgical debridement for surgical site infection; two, reoperation for pedicle
screw loosening; one, laminectomy for epidural hematoma; one, additional fusion for adjacent segment disease).

Conclusions: Dynamization—PLIF showed local lordosis improvement, a high solid fusion rate, and a low reoperation rate within 2
years of follow-up.
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Introduction

Hemodialysis technology has advanced in recent years,
extending the life expectancy of patients undergoing
hemodialysis [1,2]. However, the prevalence of hemodi-
alysis-related spondyloarthropathy (HSA) has increased.
Among the types of HSA, destructive spondyloarthropa-
thy (DSA), which was first described by Kuntz et al. [3]
in 1984, is the most serious musculoskeletal complica-
tion in long-term dialysis. The incidence of DSA among
patients receiving hemodialysis is 18%-20% [4,5]. DSA
development is reportedly related to age and hemodialysis
duration, and it is more commonly identified at the cervi-
cal spine than at the lumbar spine [5]. In DSA, amyloid
accumulates at the enthesis of collagen fibers, facet joint,
annulus fibrosus, and capsule, leading to spinal instabil-
ity [6,7]. DSA also leads to destructive changes, including
destructive kyphosis, vertebral endplate erosion, spondy-
lolisthesis, extradural amyloid deposit, and hypertrophied
ligamentum flavum, causing back pain, spinal deformity,
and neurological symptoms. Lumbar spine surgery is of-
ten considered for HSA treatment, but the rate of reopera-
tion after decompression surgery is relatively high (12.5%)
(8].

Patients with high instability caused by destructive
changes frequently require lumbar fusion surgery. In par-
ticular, conventional posterior lumbar interbody fusion
(PLIF) procedure has provided good short-term results in

patients with HSA [2]. However, progressive destructive
changes in the vertebral endplate can lead to progressive
cage subsidence and pedicle screw loosening (Fig. 1).
Consequently, a fair number of cases of pseudarthrosis
have been reported, with 21.5%-40.0% carrying reopera-
tion risk [9-12].

Dynamic stabilization systems achieve mobile stabi-
lization by using pedicle screws and have been reported
useful for the surgical treatment of lumbar discopathy,
spondylolisthesis, and degenerative scoliosis [13-17]. We
hypothesized that a dynamic stabilization system is effec-
tive in patients with a poor bone quality. Thus, we have
applied this approach to lumbar interbody fusion for
patients with hemodialysis as “dynamization-PLIE” In
this study, we aimed to report our surgical treatment by
dynamization-PLIF for patients with HSA and assess the
postoperative course within 2 years of follow-up.

Materials and Methods

This study was approved by the institutional review board
(IRB) of the Japanese Red Cross Medical Center (IRB ap-
proval no., 748). The requirement for informed consent
from individual patients was omitted because of the retro-
spective design of this study. We retrospectively reviewed
the medical records of patients with HSA who underwent
dynamization-PLIF at our hospital between April 2010
and March 2018. Dynamization-PLIF was specifically

Fig. 1. (A) Postoperative radiograph of the lumbar spine after conventional posterior lumbar interbody fusion for a hemodialysis-related spondylo-
arthropathy patient. (B) Postoperative lateral radiograph of the lumbar spine three months after surgery. (C) Postoperative radiograph of the lumbar
spine six months after surgery showing that progressive destructive changes in the vertebral endplate have led to progressive cage subsidence and
pedicle screw loosening.
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Lumbar lordosis

Fig. 2. Measurements on radiograph of lumbar lordosis and local lordosis in the
fused segment.

performed to patients with destructive changes in the
vertebral endplates. For those with spinal canal stenosis
associated with HSA without instability, we performed
decompression alone. We excluded patients who died
or whose radiographic findings could not be evaluated
within 2 years after surgery. The radiographic measure-
ments included lumbar lordosis and local lordosis in the
fused segment. Local lordosis was measured as the angle
between the proximal and distal vertebral endplates of the
fused segment (Fig. 2). The evaluation points were before
surgery, immediately after surgery, 1 year after surgery,
and 2 years after surgery. We assessed whether the fixed
segment achieved solid fusion or not at 2 years postop-
eratively. We also investigated reoperations within 2 years
after surgery and checked the causes and contents.

1. Dynamization-posterior lumbar interbody fusion
surgical procedure

Dynamization-PLIF is our modified PLIF procedure in
which the instrumented vertebra is allowed to partially
move before bone union. In the final fixation of the instru-
ments after the conventional PLIF procedure, the rods are
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Fig. 3. Model of the dynamization—posterior lumbar interbody fusion procedure.
The implant system used was the MYKRES Spinal System (Teijin Nakashima
Medical, Tokyo, Japan). The rods are placed with lateral connectors onto the
pedicle screws. Although one side of the connector is fixed by a set-screw
as usual, the other side is set free (arrowheads), allowing the movement of
relevant vertebra. A stopper (arrows) is placed next to each free connector to
block opening of the intervertebral space.

placed with lateral connectors onto the pedicle screws (Fig.
3). Although one side of the connector is fixed by a set
screw as usual, the other side is left free (arrowheads), al-
lowing the relevant vertebrae to move. The opening of the
intervertebral space is blocked by placing a stopper (arrow)
next to each free connector. This system allows the mobile
instrumented vertebra to slide along the rod with inter-
body space shortening while maintaining lumbar lordosis.
Considering that the interbody cage is allowed to sink,
the bilateral foraminal space should also be decompressed
to allow for later narrowing [18,19]. The implant system
used was the MYKRES Spinal System (Teijin Nakashima
Medical, Tokyo, Japan).

2. Outcome

Solid fusion was defined using the following criteria: less
than 3° vertebral motion angle in forward and backward
bending, radiological bony bridge formation in the fusion
area, and no gap between the cage and the vertebral body
[20-22]. Failure to meet any of these criteria indicated
nonfusion. Solid fusion was assessed by one spine surgeon
using only radiographs without computed tomography.
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Information on reoperation was reviewed in the medical
records.

3. Statistical analyses

The values are presented as the mean+standard deviation
for continuous variables or number (percentage) for cat-
egorical variables. The preoperative and postoperative ra-
diographic findings were compared using a paired ¢-test.
A p-value of less than 0.05 was considered significant.

Results

Within 2 years of follow-up, two patients (3.8%) died. We
included 50 patients (28 males, 22 females). The mean pa-
tient age was 64.7+6.4 years (range, 49-82 years), and the
mean hemodialysis duration was 16.4+9.9 years (range,
1-36 years). The surgical fusion level was one in 35 cases,
two in 14 cases, and three in one case. The operative time
was 217.6+53.5 minutes, and the estimated blood loss was
461.7+338.8 mL (Table 1).

Lumbar lordosis and local lordosis were significantly
improved through dynamization-PLIF (lumbar lordo-
sis, 28.4°-35.5°% local lordosis, 2.7°-12.8°% p<0.01). At 1-
and 2-year follow-up, lumbar lordosis was significantly
improved compared with that immediately after surgery
(35.6°-39.4°, p<0.01 and 35.6°-38.4°, p<0.05, respectively)

Table 1. Patients’ characteristics

Characteristic Value

No. of patients 50

Mean age at the time of surgery (yr) 64.7+6.4 (49-82)

Gender

Male 28

Female 22
Duration of hemodialysis at surgery (yr) 16.4+9.9 (3-36)
Duration of follow-up (mo) 48.9 (24-109)
No. of fused levels

1 Level 35

2 Levels 14

3 Levels 1

217.6+53.5 (143-335)
461.7+339 (30-1,770)

Values are presented as number, meansstandard deviation (range), or median
(range).

Operation time (min)

Estimated blood loss (mL)

(Fig. 4), whereas local lordosis was maintained overall
throughout the postoperative course (12.9°-12.8°, p=0.89
and 12.9°-11.8°, p=0.07, respectively).

Among the 66 fused segments, 59 (89%) achieved solid
fusion. Furthermore, 42 cases (84%) achieved solid fusion
of all fixed segments. Reoperation occurred in six patients
within 2 years after surgery (two, surgical debridement
for surgical site infection; two, reoperation for pedicle
screw loosening; one, laminectomy for epidural hema-
toma; one, additional fusion for adjacent segment disease
[ASD]). While the average duration of hemodialysis was
14.0£4.0 years in those with complications, that in those
without complications was 17+1.5 years, indicating no
significant differences between these two groups.

1. Representative case presentation

A 60-year-old man who had been on hemodialysis for 12
years complained of intermittent claudication and lower
back pain. Preoperative radiographs of the lumbar spine
demonstrated DSA, and magnetic resonance imaging
revealed severe spinal stenosis (Fig. 5A, B). After under-
going dynamization-PLIF at L3-L4 (Fig. 5C), his leg pain
subsided immediately. At 2-year follow-up, postoperative
radiographs showed interbody space shortening caused by
cage sinking, as indicated by the gap between the stopper
and lateral connector (Fig. 5D, arrow). No pedicle screw
loosening was noted, and solid fusion was achieved.
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Fig. 4. Postoperative course of lumbar lordosis and local lordosis of the fused
segment. Lumbar lordosis at 1- and 2-year follow-up had improved significantly
compared to that immediately after surgery. Local lordosis did not change sig-
nificantly. NS, not significant. p<0.05. " p<0.01.
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Fig. 5. Representative case presentation. (A) Magnetic resonance imaging showing canal stenosis at L3/4. (B) Preoperative lateral radiograph
showing degenerative spondylolisthesis at L3/4. (C) Postoperative lateral radiograph showing dynamization—posterior lumbar interbody fusion at
L.3/4. (D) Postoperative lateral radiograph after 2 years showing bone union with maintained local lordosis. A gap appeared between the stopper

and connector (arrow).

Discussion

HSA is a general term for spondylolisthesis resulting pri-
marily from amyloidosis. Among the HSAs, DSA is the
most serious musculoskeletal complication for long-term
dialysis. In a cross-sectional study, 20% of patients with
hemodialysis suffered from DSA [4], which was associated
with age and hemodialysis duration. Although many HSA
cases require spine surgery to treat spinal canal stenosis
with instability, the rates of perioperative complications
and mortality following spinal surgery are reportedly
high. Chikuda et al. [23] compared the risk for periopera-
tive complications between patients with hemodialysis
who underwent spinal surgery and those without hemo-
dialysis. They concluded that the hemodialysis group had
a tenfold higher risk of death than the nonhemodialysis
group and that DSA increased the complication rates [23].
In addition, high rates of surgery-related complications,
such as implant failure, pseudoarthrosis, and ASD, are a
crucial problem in patients undergoing hemodialysis [2,9-
12]. Thus, the problems associated with lumbar fusion
surgery for patients with hemodialysis include mechanical
surgery-related complications as well as high mortality
rate. One potential reason for the high rates of mechanical
surgery-related complications would be interbody cage
sinking caused by disruption of the fragile vertebral end-
plates with amyloid deposition. Collapse of the anterior
fixation element creates a mismatch with the posterior
fixation of elements, such as pedicle screws and rods,
causing the decrease in fixation force until bone union

and subsequent pseudoarthrosis. Conventional PLIF for
patients with hemodialysis remains a challenging opera-
tion.

Lumbar discopathy, spondylolisthesis, and degenerative
scoliosis benefit from dynamic stabilization [13-17]. The-
oretically, the concept of dynamic stabilization involves
intervertebral mobility maintenance, thereby reducing the
strain on posterior elements, such as adjacent disks and
facets, and preventing ASD development. Consequently,
dynamic stabilization systems reduce the occurrence of
adjacent segment degeneration at a short-term follow-up
[24]. However, some studies with long-term observation
reported that the segment of the lumbar spine stabilized
by the dynamic stabilization system lost its mobility and
fused at the final follow-up [25,26]. In this context, we de-
veloped a dynamic stabilization system for fusion surgery,
targeting patients with a low bone density and quality
who are at risk for implant failure.

Moreover, dynamic stabilization showed favorable
outcomes in older patients with degenerative spondylolis-
thesis, with better fusion rates in fusion surgery using the
dynamic stabilization system than in conventional fusion
systems [27]. This finding supported our own system.
Therefore, we started to apply dynamic stabilization to
patients with HSA cases who were likely to develop cage
sinking; the approach has been termed as “dynamization-
PLIE” In hemodialysis cases, one potential reason for the
high rates of mechanical surgery-related complications is
interbody cage sinking caused by disruption of the fragile
vertebral endplates with erosive amyloid deposition. Col-
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lapse of the anterior element results in mismatch with
the posterior fixed elements, such as pedicle screws and
rods, leading to pedicle screw loosening and subsequent
pseudoarthrosis and kyphotic deformity (Fig. 6) [28].
Nevertheless, the mismatch between the vertebral body
and posterior elements can be resolved through dynamic
stabilization by sliding the posterior elements without
losing lordosis and without holding the force of pedicle
screws until bone fusion. This system helped preserve the
postoperative lumbar lordosis and local lordosis in pa-

Fig. 6. The illustration of conventional posterior lumbar interbody fusion (PLIF)
procedure and dynamization—PLIF procedure reproduced from [28] with permis-
sion. (A) Model of the conventional PLIF procedure. When the anterior element
is shortened due to cage subsidence and pedicle screw loosening, it causes local
kyphosis. (B) Model of the dynamization—PLIF procedure. As the posterior ele-
ment of the subsiding vertebra is allowed to slide along the rods, sagittal align-
ment is preserved.

tients with a poor bone quality.

High rates of reoperation for surgery-related complica-
tions, such as implant failure and pseudoarthrosis, are
also crucial problems in patients with hemodialysis. Gen-
erally, lumbar fusion surgery for HSA carries a high risk
for implant failure because of a poor bone quality. Yamada
etal. [11] reported that 21% of patients with hemodialysis
who underwent lumbar fusion surgery required revision
surgery, with a mean follow-up of 3.2 years. Hori et al.
[12] reported a matched cohort study of lumbar spinal
surgery in patients with and without hemodialysis with a
mean follow-up of 2.4 years and found that 37.5% of those
with hemodialysis who underwent lumbar fusion surgery
required reoperation for implant failure. In the present
study, the revision rate was relatively low, being 6% during
the 2-year follow-up. Maintaining lordosis through the
postoperative course might help reduce the incidence of
implant failure (only one case [2%]) and revision surgery.

The solid fusion rates in previous studies investigat-
ing lumbar fusion surgery for patients with hemodialysis
were 60%-79% [9-12,29], which were quite low (Table
2), whereas that in our study was 84% despite the 2-year
follow-up period. In dynamization-PLIF, even if the cage
starts sinking because of vertebral endplate disruption, the
pedicle screws can slide parallel to the rod, allowing im-
paction and compression of the vertebral body and cage
frequently. As with intramedullary nailing systems using
dynamization for tibia or femur fracture [30,31], the post-
operative impaction and compression of fixed segments
after dynamization-PLIF would promote solid fusion, a
high rate of fusion, and a low rate of hardware failure.

Of note, our study has several limitations. First, the

Table 2. Summary of previous reports of hemodialysis patients who underwent lumbar spinal fusion surgery

No.of  Fusion
patients rate (%)

Patient characteristics,
surgical procedure

Authors & year

Fusion definition

Reoperation rate for

e e Details of reoperation

Han et al. [9](2009) Hemodialysis patients, PLIF 5 60 Radiographic evaluation NA NA

Yuetal. [10](2011) H;E(F)dmlysm it Al 33 75 Radiographic evaluation 6.1 Implant failure 2 cases

Chikawa et al. 29] (2013 emedialysis patients, only 10 NA  NA 100 ASD 1 case
listed as fusion

Yamada et al. [11](2016) Hf{g??d;'g;'s patients, poste- 14 79 Radiographic evaluation 210 ASD 3 cases

Hori etal. [12](2019) Hemodlalysm P atients, only 8 63 Radiographic evaluation 380 Implant failure 2 cases, ASD 1 case
listed as fusion

QOur series e WL DTS e 50 84 Radiographic evaluation 6.0 ASD 2 cases, implant failure 1 case

ization—PLIF

PLIF, posterior lumbar interbody fusion; NA, not available; PLF, posterolateral fusion; ASD, adjacent segment disease.
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sample size was quite small. Second, this study is retro-
spective in design and not comparative. Third, this single-
arm study had no control group and patient-reported
outcome; thus, the effectiveness of this procedure could
not be emphasized. Future efforts, such as comparative
studies with conventional PLIF for patients with hemodi-
alysis, including patient-reported outcomes, are necessary
to confirm the validity of dynamization-PLIF.

Conclusions

In patients with hemodialysis who underwent dynamiza-
tion-PLIF for HSA, lumbar lordosis and local lordosis
were improved, the solid fusion rate was favorable (89.3%),
and the reoperation rate within 2 years after surgery was
relatively low. Although surgical treatment for lumbar
HSA is challenging, dynamization-PLIF can provide fa-
vorable surgical outcomes.
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