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ABSTRACT
Objective: The purpose of this narrative review was to describe the most common spinal fusion surgical procedures,
address the clinical indications for lumbar fusion in degeneration cases, identify potential complications, and discuss
their relevance to chiropractic management of patients after surgical fusion.
Methods: The PubMed database was searched from the beginning of the record through March 31, 2015, for English
language articles related to lumbar fusion or arthrodesis or both and their incidence, procedures, complications, and
postoperative chiropractic cases. Articles were retrieved and evaluated for relevance. The bibliographies of selected
articles were also reviewed.
Results: The most typical lumbar fusion procedures are posterior lumbar interbody fusion, anterior lumbar interbody
fusion, transforaminal interbody fusion, and lateral lumbar interbody fusion. Fair level evidence supports lumbar
fusion procedures for degenerative spondylolisthesis with instability and for intractable low back pain that has failed
conservative care. Complications and development of chronic pain after surgery is common, and these patients
frequently present to chiropractic physicians. Several reports describe the potential benefit of chiropractic management
with spinal manipulation, flexion-distraction manipulation, and manipulation under anesthesia for postfusion low back
pain. There are no published experimental studies related specifically to chiropractic care of postfusion low back pain.
Conclusions: This article describes the indications for fusion, common surgical practice, potential complications, and
relevant published chiropractic literature. This review includes 10 cases that showed positive benefits from
chiropractic manipulation, flexion-distraction, and/or manipulation under anesthesia for postfusion lumbar pain.
Chiropractic care may have a role in helping patients in pain who have undergone lumbar fusion surgery. (J Chiropr
Med 2016;xx:0-13)

Key Indexing Terms: Manipulation; Chiropractic; Postoperative Periods; Spinal Fusion; Surgical Procedures;
Operative
INTRODUCTION

Lumbar spinal fusion procedures are commonly used
treatments for an array of degenerative conditions. 1

Regardless of the type of surgical intervention, up to 61%
of patients continue to experience chronic spinal pain after
surgery.2-4 The number of lumbar spinal surgeries has
increased over the past several decades with 1 288 496 new
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posterior lumbar fusion operations reported in the United
States alone between 1998 and 2008.5 The reported
prevalence of postoperative patients presenting to chiro-
practic clinics ranges from 2.3% to 12%.6-8 Even with the
increased frequency of postoperative cases, there is limited
evidence on the safety and efficacy of chiropractic care in
this population.

Management of chronic degenerative spinal conditions
in the United States is estimated to cost nearly $85 billion
annually, with a significant percentage attributed to the
dramatic increase in the frequency of lumbar fusion
procedures.9-11 In 2004, more than $16 billion in hospital
charges were attributed to over 300 000 spinal fusions.12

Lumbar fusion procedures are performed for a wide array of
indications, including correction of degenerative deformi-
ties, trauma, infection, tumor, and congenital anomalies,
such as scoliosis.1 The intention of spinal fusion is to
restore anatomical alignment and biomechanics to as near
normalcy as possible.1 The application of these surgical
fusions continues to expand as technological advances
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facilitate the ability to achieve a solid arthrodesis and
understanding of the pathologic and biomechanical aspects
of degenerative spine disease continues to progress.13

At present, there is no published article that reviews the
literature on chiropractic and postfusion low back pain.
Therefore, the purpose of this narrative review was to
describe the most common surgical lumbar fusion proce-
dures, address the clinical indications for lumbar fusion in
degenerative cases, identify potential complications, and
discuss published articles related to chiropractic management.
METHODS

A review of the literature was performed using the
PubMed database. Search terms included lumbar fusion
and/or arthrodesis and their incidence, procedures, and
complications, as well as postfusion chiropractic cases. The
bibliographies of articles discerned to be relevant were also
reviewed. PubMed was searched in April 2015 from the
beginning of the record through March 2015. English
language articles as well as other article types were included
in the search with no other exclusion criteria. Articles found
were identified and evaluated for their relevance to lumbar
fusions. Studies were selected if they reported on lumbar
fusion incidence, procedures, complications, and postfusion
chiropractic care.
RESULTS

One hundred-eighteen articles were selected by the
authors on the basis of their relevance to lumbar fusion
operative procedures, indications, complications, and
postoperative chiropractic care. No articles provided a
review of current management practices related to chiro-
practic practice for postfusion low back pain, and no articles
reported a position statement on chiropractic assessment or
care.
DISCUSSION

Lumbar Fusion Operative Procedures
Fusion of the spine was first depicted in the scientific

literature by Albee in 1911 as a treatment for tuberculous
spondylitis.14 In 1929, Chandler was the first to use spinal
fusion for the treatment of lower back pain and sciatica.15

Four years later, Mixter and Barr reported that intervention
with discectomy provided relief for discogenic sciatic pain
but did not relieve chronic lower back pain.16 Barr
proposed discectomy in conjunction with fusion to
overcome this problem.17

The first reports of an anterior approach to fusion
originated in the 1930s when Ito et al. used this approach to
stabilize tuberculous spondylitis.18 Early on, high rates of
failure and neurovascular complications had been the major
problems with this approach.19 In the meantime, anterior
approaches to the lumbar spine and anterior lumbar
interbody fusion (ALIF) have evolved, and the ALIF
technique is now especially preferred at the lumbosacral
junction.19 Anterior lumbar interbody fusion has an added
advantage in that it can be combined with posterior lumbar
interbody fusion (PLIF). The exposure of the anterior spine
is classically performed through a left paramedial incision
over the disk space to be fused. A retroperitoneal maneuver
is made to expose the anterior spine. The vascular structures
and the ureter are then expertly identified, commonly by a
vascular surgeon, and retracted to avoid injury. Next, the
anterior longitudinal ligament is incised, with special care
taken to avoid injury to the hypogastric plexus. Damaged
disk material and osteophytes are removed before the bony
endplates can be prepared. From the anterior direction the
surgeon then packs the bony graft into the implant and the
surrounding disk space. Graft material most commonly
comes from cadavers but can also be harvested from the
patient’s own iliac crest. The implant for ALIF is a single,
wedge-shaped cage that has variable lordosis angles. These
implants often have blades that penetrate the vertebra above
and below to secure the position20-25 (Fig 1).

In 1944, Briggs and Milligan presented a technique
for posterior lumbar spinal decompression and fusion26

(Figs 2 and 3). They described placement of interbody
bone chips and a spinous process peg; however, they were
not able to obtain successful postoperative fusion.27 In
1953, Cloward first described the PLIF technique for
treatment of a ruptured disk.28 The posterior approach to
reconstruction is often preferred in the lumbar spine
because this causes lower morbidity compared with the
anterior approach, and pedicle screws and rods or plates
can be placed before dural retraction and dissection of the
intervertebral disk.1 Posterior lumbar interbody fusion
employs a direct posterior approach to exposure of the
spine. A midline incision allows access to the disk space of
interest via an open 3- to 6-inch incision or sequential
tubular dilators.19 After exposure of the spine, the surgeon
strips the erector spinae muscle from the lamina and
sequentially performs a laminotomy, removes the liga-
mentum flavum, retracts nerve roots, excises damaged disk
material, and performs endplate preparation. Dual
ovoid-shaped spacers are then placed within the inter-
vertebral disk space and supplemented by packed bone
graft. Fluoroscopy is used to confirm the implant position,
and the graft-filled space is then stabilized with pedicle
screws and rods to immobilize the segment and allow
fusion to occur.29-31

Transforaminal lumbar interbody fusion (TLIF) was
first described by Harms and Rollinger in 198232 (Fig 4).
Transforaminal lumbar interbody fusion, which is a
modified and unilateral approach to PLIF, provides more
lateral access to the disk space and reduces retraction of the



Fig 1. A, Autologous bone graft obtained from anterior iliac crest. B, The Medtronic cage has a cylindrical hollow center and a fla
superior surface. Inset: Lateral view of a Medtronic cage. C, Solis cage has 1 mm titanium spikes bilaterally on both inferior and
superior surface. Inset: Lateral view of a Solis cage. D, Bioabsorbable, self-retaining cervical fusion cage, composite of an interbody
fusion cage and two anchoring clips. Inset: Lateral and dorsal views and of assembled bioabsorbable, self-retaining cervical fusion
cage. (Image provided by International Journal of Nanomedicine. From Cao L, Duan PG, Li XL, et al. Biomechanical stability of a
bioabsorbable self-retaining polylactic acid/nano-sized B-tricalcium phosphate cervical spine interbody fusion device in single-leve
anterior cervical discectomy and fusion sheep models. Int J Nanomed. 2012;7:5875-5880.)
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thecal sac and the nerve root. The technique was designed
with the goal of achieving solid arthrodesis with minimal
risk to the neural structures and avoiding the need for
two-staged operations.19 Transforaminal lumbar interbody
fusion exposure is achieved through a midline or para-
median incision. A transforaminal window is then created
on one side by resecting the ascending articular process of
the lower vertebra to the medial wall of the pedicle. This is
followed by aggressive discectomy and endplate prepara-
tion; finally, the bone graft is placed anteriorly and to the
Fig 2. Posterior lumbar interbody fusion. Anteroposterior view
with clear view of dual ovid spacers. (Image provided courtesy o
Logan University, Department of Radiology.)
f
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contralateral side of the disk space. Once the implant is
inserted and the remainder of the interspace packed with
bony graft, its position is confirmed with fluoroscopy.
Similar to PLIF, pedicle screws are placed and joined by
rods to induce lordosis and lock the graft in place.29,33-36

Lateral lumbar interbody fusion (LLIF), also known as
extreme LLIF, is a comparatively novel surgical approach
for spinal fusion.19 It was developed as a minimally
invasive modified technique of ALIF.37 Lateral lumbar
interbody fusion begins with the patient in either the left or
the right side-lying position. A small incision is made
laterally allowing access of a series of dilation tubes and
retractor to create a portal. Through the portal, entry can be
gained to the retroperitoneal space, with the peritoneum
swept anteriorly, and dissection carried through the psoas
muscle. Electromyography monitoring is placed within the
psoas to identify the lumbosacral plexus. A transpsoas
approach is taken, and the muscle fibers are carefully
separated.38 Discectomy and endplate preparation come
next, immediately followed by packing of the disk space
and implant with bony graft. The implant utilized most
frequently in LLIF is a single, ovoid implant. Upon
completion, the wounds are closed, and the patient position
can then be changed to the prone position for placement of
pedicle screws.38-40 Because of the minimally invasive
nature of LLIF, it has the disadvantage of not allowing the
use of additional hardware to stabilize the spine until fusion
occurs, and it is challenging to convert to an open procedure
should complications arise.
Indications for Fusion
In practice, fusion is used to manage numerous

degenerative conditions. Guideline updates from the
American Association of Neurological Surgeons/Congress
of Neurological Surgeons suggest fair evidence (Grade B)
for the use of fusion surgery to treat intractable lower
back pain when conservative care has failed as well as for



Fig 3. Posterior lumbar interbody fusion lateral. (Image provided
courtesy of Logan University, Department of Radiology.)
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Fig 4. The postoperative plain radiographs show a successful L4
wide laminectomy and transforaminal lumbar interbody fusion o
L4-5 in a patient with lumbar degenerative spondylolisthesis
(Image provided courtesy of Asian Spine Journal. From Sakai T
Sairyo K, Bhatia NN, et al. MRI changes of the spinal subdura
space after lumbar spine surgeries: report of two cases. Asian
Spine J. 2011;5(4):262-266.)
stenosis with spondylolisthesis.41,42 There was, however,
poor evidence (Grade C) in support of fusion for disk
herniation with radiculopathy and for spinal stenosis
without spondylolisthesis43,44 (Tables 1 and 2).

Nonspecific Low Back Pain. Establishing an appropriate
surgical treatment strategy for patients with low back pain,
in the absence of stenosis or spondylolisthesis, remains a
contentious topic.41 It is recommended that lumbar fusion
be performed in patients whose low back pain is
unresponsive to conservative treatment and is caused by
level 1 or 2 degenerative disk disease without stenosis or
spondylolisthesis.41 Unfortunately, conservative care in
surgical studies tends to consist of a heterogeneous mixture
of therapies and modalities with minimal definition of
specifics or timeline. Fritzel et al. randomized 294 patients
into 1 of 3 surgical groups or physical therapy and found
that fusion was more successful than nonoperative care for
reducing back pain and improving Oswestry Disability
Index scores and return-to-work.45 Although the surgery
group outperformed the physical therapy group, their
outcomes were suboptimal, with only a 32.7% reduction
in low back pain at 2-year follow-ups.

Two studies by Brox et al. presented parallel benefits in
lumbar fusion surgery and physical therapy with cognitive
exercises at 1-year follow-up.46,47 A randomized, multi-
center trial by Fairbank et al. found a lack of benefit for
lumbar fusion over intensive rehabilitation, and 19 of their
surgical subjects experienced complications, with 11
requiring additional surgery.48 At this point, current
evidence does not identify any single best treatment for
uncomplicated lower back pain.

Lumbar Disk Herniation With Radiculopathy. Lumbar spinal
fusion is not recommended as a routine treatment following
primary disk excision in patients with isolated herniated
lumbar disks causing radiculopathy.43 However, fusion
appears to have better outcomes for herniated disk injuries
if the patient engages in manual labor, or if there is evidence
of significant chronic axial back pain, severe degenerative
changes, and/or instability associated with radiculopathy.43

Reoperative discectomy with fusion is an appropriate
strategy in patients with recurring herniation associated
with instability or chronic axial low back pain. The routine
use of fusion with simultaneous disk excision for primary
lumbar herniated nucleus pulposus is not recommended.
A retrospective review by Takeshima et al. found no
statistically significant distinction between microdiscectomy
and microdiscectomy plus fusion.49 In addition they found
that 70% of the discectomy-alone group returned to work
within 1 year versus only 45% in the discectomy-plus-fusion
group.49 Matsunaga et al. presented a retrospective review of
80 cases, supporting the use of posterolateral fusion (PLF) at
time of discectomy to improve the return-to-work rates in
patents involved in heavy manual labor.50 They found that at
the 1-year point, 53% of the patients in the discectomy group
f
.
,
l



Table 2. Levels of Medical Evidence for Therapeutic Study a

Level
Therapeutic Study—Investigating the Effectiveness of
Treatment

I 1. Well-designed randomized controlled trial with
appropriate statistical analysis/reporting

a. No major limitations
b. No more than 1 minor limitation
2. Systematic review of well-designed randomized

controlled trials with consistent findings
II 1. Prospective comparative study

2. Systematic review of Level II studies or
review of Level I studies with inconsistent findings

III 1. Case-control studies
2. Retrospective comparative studies
3. Systematic review of Level III studies

IV 1. Case series
V 1. Expert opinion

a Data from Kaiser et al.13
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and 89% of those in the fusion group were able to return to
work.50 Eie et al. reported on 259 patients with disk
herniation treated with discectomy alone or noninstrumented
PLF. This work supports the use of fusion at the time of
discectomy in patients with severe lower back pain because
there is a higher chance of having pain in later years without
concomitant fusion.51 Fu et al. investigated the outcome of
41 cases of recurrent lumbar disk herniation and found
excellent or good clinical outcomes in 78.3% of the
discectomy cohort and 83.3% of the fusion cohort.52

Chitnavis et al. treated patients with recurrent disk herniation
and had good results with fusion when signs of instability
and/or axial low back pain were present.53 There does not
appear to be evidence to support the routine use of fusion in
conjunction with discectomy. However, patients with
demonstrated preoperative instability and significant chronic
low back pain in addition to radicular symptoms may be
candidates for fusion at the time of primary disk excision.42

Stenosis With Spondylolisthesis. Surgical decompression and
fusion (Grade B evidence) are suggested for patients who
have symptomatic neurogenic claudication caused by
lumbar stenosis, but without myelopathy, and elect to
undergo surgical intervention.43 Similarly, the North
American Spine Society recommends surgical decompres-
sion with fusion for the treatment of patients with
degenerative lumbar spondylolisthesis to improve clinical
outcomes, preferred over decompression alone.54 The
Spine Pain Outcomes Research Trial demonstrated that
when patients are able to select their treatment strategy on
the basis of their symptoms, values, and surgical recom-
mendation, those who choose surgery experienced superior
outcomes in every clinical measure and at every time point
for at least 4 years following treatment.55,56 There is
evidential support of the benefit of decompression and
fusion for stenosis associated with a spondylolisthesis.57

Cheng et al. found that fusion rates were higher and
instrumentation-related complication rates were lower in
the PLIF group.58 Consideration of interbody techniques
may be appropriate in patients with higher-grade slips.58

However, a study by Abdu et al. was not able to detect
differences in outcome between different fusion cohorts.59
Table 1. Level of Evidence Recommendation Grades a

Grade Definition

A Good evidence: 2 or more Level I studies
with consistent findings

B Fair evidence: single Level I study or multiple
Level II or III studies with consistent findings

C Poor evidence: single Level II study of
multiple Level IV or V studies.

I Insufficient evidence for recommendation:
single level III, IV, or V study; studies of
equivalent strength with conflicting
findings/conclusions

a Data from Kaiser et al.13
Fernandez-Fairen et al. found that unilateral screw fixation
was associated with similar outcomes as those with bilateral
screw fixation.60 Inamdar et al. found evidence in support of
PLF over PLIF.61 They demonstrated that patients in this
group who were thought to have solid arthrodesis—based on
dynamic radiographs—enjoyed better functional outcomes
compared with patients treated with the same procedure in
whom solid arthrodesis was not achieved.62,63 McGuire and
Amudson et al. found that the addition of instrumentation did
not improve the fusion rates.64 Fischgrund et al. reported that
patients treated with pedicle screw fixation had a statistically
significantly higher fusion rate (83%) compared with those
treated with noninstrumented fusion (45%).62

Current medical evidence continues to support the role of
surgery over nonoperative therapies for patents with
symptomatic stenosis associated with spondylolisthesis. The
vast majority of patients across these studies underwent an
instrumented PLF. The achievement of solid arthrodesis is
associated with superior outcomes, and, therefore, efforts to
maximize the fusion potential should be considered. Although
there is insufficient evidence to recommend a standard fusion
technique, surgeons should consider their own experiences
and the risk of complications, as well as the patient’s
anatomical and physiological characteristics, comorbidities,
and preferences in the decision-making process.42

Stenosis Without Spondylolisthesis. Fair evidence supports
surgical decompression as a recommendation for patients
who have symptomatic neurogenic claudication resulting
from lumbar stenosis without spondylolisthesis and elect to
undergo surgical intervention. There is poor evidence in
support of lumbar fusion in the absence of deformity or
instability. Fusion has not been shown to improve patient
outcomes in patents with isolated stenosis, and therefore it
is not recommended. In the absence of spinal deformity or
instability surgical decompression is typically sufficient to
alleviate the symptoms of neurogenic claudication.44
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Gu et al. executed a retrospective review of 81 patients
who underwent surgery for lumbar stenosis with symptoms
of neurogenic claudication.65 Patients were treated with
either surgical decompression and posterolateral lumbar
fusion or decompression and instrumented PLF with the
overall success rate just over 70% in both groups.65 Jansson
et al. completed a retrospective review of 9664 operations
performed on patients with lumbar stenosis with 10-year
follow-up and reported a reoperation rate of 11%.66 They
noted that reoperation rates were lower in patients who had
undergone fusion in addition to decompression, as opposed
to decompression alone. Several studies have reviewed the
available literature, and all concluded that in the absence of
deformity or instability, the lumbar fusion procedure was
not associated with improved outcomes compared with
decompression alone.67-70 In the case of patients presenting
with uncomplicated lumbar stenosis, the literature has
consistently demonstrated the beneficial role of surgical
lumbar decompression.44 In fact, the true effect of lumbar
fusion for uncomplicated stenosis cannot be determined,
because most, if not all, of these studies reserve lumbar
fusion for those patients presenting with stenosis and an
associated spondylolisthesis44 (Table 3).

Relative contraindications to lumbar fusion surgery
include postoperative epidural fibrosis, active infection,
conjoined nerve roots, restricted access to disk space,
severe disk space collapse, severe ankylosis, subchondral
sclerosis, and osteoporosis. 71-75 Successive developments
in orthopedic hardware have dramatically reduced the
postoperative recovery period.1 Pedicle screw and rod or
plate constructs have become the preferred method of
instrumentation when multiple-column reconstruction is
required. 1 In the absence of contraindications, the
documented success rates of PLIF and TLIF procedures
are generally high, with reported arthrodesis rates between
77% and 100%.72,76,77
Complications of Fusion
Severe pain after surgical procedures is a major factor

leading to patient dissatisfaction, delayed recovery, immo-
bility, and prolonged hospital stay and is associated with
serious complications.78,79 Utilizing the Nationwide Inpa-
tient Sample Database, Kalanithi et al. demonstrated a 70%
increase in the rate of complications following lumbar
fusion in patients over 65 years of age compared with
patients between 45 and 64 years of age.80 The most
common complications associated with fusion surgeries are
intraoperative neurologic injury, interbody implant or bone
graft migration, dural tear, infection, heterotopic ossifica-
tion, postoperative radiculopathy, osteolysis, and subsi-
dence.27 Although there have been advancements in
surgical technique and technology, the incidence of residual
or recurrent postoperative back pain remains high because
of the influence of a multitude of factors.
In both TLIF and PLIF, the nerve roots must be retracted
to gain access to the posterior disk space. Matsui et al.
observed a correlation between decreased blood flow and
tension placed on the nerve during retraction, and this
suggests that decreased retraction time and tension lead to a
lower rate of ischemic injury.81 Radiculopathy is the most
commonly reported postoperative nerve injury.72,73,76,82,83

Incidental dural tears are among the most common
iatrogenic injuries, with an incidence between 2% and
14%, as reported in medical literature.27 Postoperative care
following incidental durotomy may include 24 to 48 hours
of bed rest to reduce pressure and allow dural healing.

Infection is a complication that may not manifest until
much later in the postoperative course—even more than 2
years after surgery.84 Infections following fusion surgery
affect up to 9% of patients.71-73,76,83,85 The most common
infectious organism is Staphylococcus aureus, and risk factors
include smoking, diabetes, posterior midline approach,
prolonged operative time, large volume of blood loss, previous
surgery, and use nonautograft bone graft alternative.84,86,87

Spinal infections are managed with thorough irrigation and
debridement of necrotic tissues and use of targeted intravenous
antibiotic therapy.27 Postoperative infections add approxi-
mately an estimated $29 000 in hospital cost per patient.88

Optimization of preoperative patient nutrition and smoking
cessation can aid in the prevention of infection.89

Given the technical difficulties of placing instrumenta-
tion in the spine, it is inevitable that complications
occasionally arise from malpositioning of hardware.1

Implant migration may occur because of lack of stability
across the segment or loss of normal bone implant
apposition.19 Posterior implant migration is rare, but
serious complications often lead to revision surgery.
Implanted hardware exists solely to provide short-term
stability while fusion develops. Inadequate fixation and
subsequent motion may cause the bone graft to resorb rather
than be incorporated, which, in turn, puts hardware at risk
of fracture.1 Pedicle screws, in particular, deserve attention
because of their frequent use and proximity to sensitive
neural and vascular structures.1 They are key stabilizers of
posterior instrumentation, and placement is considered
optimal when pedicle screws traverse the medial aspect of
the pedicle and is aligned neutrally.90,91 The most common
clinical complication of hardware malposition is nerve root
irritation secondary to excessive medial angulation of the
screw and violation of the medial bony cortex.1,90

Instrumentation failures that can be deduced from plain
film radiographs include broken hardware (Fig 5), loosening
of hardware (Fig 6), pseudoarthrosis, shift of bone graft cage,
and postoperative discitis. Hardware loosening can be caused
by osseous resorption surrounding screws and implants and
is visualized as a focal lucency (Fig 7). Graft cage and/or
material may herniate anteriorly or posteriorly (depending on
approach used for placement) and cause neurologic
compromise.



T
ab

le
3
.
A
dv
an

ta
ge
s
an

d
D
is
ad

va
nt
ag

es
of

M
os
t
C
om

m
on

Sp
in
al

F
us
io
n
P
ro
ce
du

re
s

P
ro
ce
du

re
A
dv

an
ta
ge
s

D
is
ad
va
nt
ag
es

A
L
IF

B
ac
k
m
us
cl
es

an
d
ne
rv
es

ar
e
un

di
st
ur
be
d

L
ar
ge
r
im

pl
an
t
ca
n
be

in
se
rt
ed

to
pr
ov
id
e
be
tte
r
in
iti
al

st
ab
ili
ty

In
cr
ea
se
d
su
rf
ac
e
ar
ea

av
ai
la
bl
e
fo
r
fu
si
on

C
lo
se

pr
ox
im

ity
to

m
aj
or

an
te
ri
or

bl
oo

d
ve
ss
el
s

P
L
IF

C
an

pr
ov
id
e
an
te
ri
or

fu
si
on

w
ith

ou
t
se
co
nd

in
ci
si
on

L
es
s
di
sk

m
at
er
ia
l
ca
n
be

re
m
ov
ed

S
m
al
le
r
im

pl
an
t,
le
ss

st
ab
ili
ty

M
or
e
di
ff
ic
ul
t
to

re
du

ce
sp
on

dy
lo
lis
th
es
is
de
fo
rm

ity
S
m
al
l
ri
sk

of
ca
ge

di
sp
la
ci
ng

po
st
er
io
rl
y
in
to

ca
na
l
an
d

cr
ea
tin

g
ne
ur
al

co
m
pr
es
si
on

T
L
IF

A
llo

w
s
la
te
ra
l
ac
ce
ss

to
di
sk

sp
ac
e,
m
in
im

iz
es

ri
sk

to
ne
ur
al

st
ru
ct
ur
es

B
on

e
fu
si
on

en
ha
nc
ed

be
ca
us
e
bo

ne
gr
af
t
is
pl
ac
ed

al
on
g
gu

tte
rs

of
th
e

sp
in
e
po

st
er
io
rl
y
bu

t
al
so

in
di
sk

sp
ac
e
S
pa
ce
r
in
se
rt
ed

in
to

di
sk

sp
ac
e
he
lp
in
g
to

re
st
or
e
no

rm
al

di
sk

he
ig
ht

A
llo

w
s
un
ila
te
ra
l
ap
pr
oa
ch

la
te
ra
lly

w
ith

le
ss

ne
ed

fo
r
re
tr
ac
tio

n
of

ne
rv
e
ro
ot
s

N
ot

ef
fe
ct
iv
e
fo
r
bi
la
te
ra
l
di
sk

in
ju
ri
es

L
L
IF
/X
L
IF

M
in
im

al
ly

in
va
si
ve
:
le
ss

tis
su
e
da
m
ag
e
an
d
bl
oo
d
lo
ss

S
m
al
le
r
in
ci
si
on

an
d
sc
ar
s

L
es
s
po

st
op

er
at
iv
e
di
sc
om

fo
rt

Q
ui
ck
er

re
co
ve
ry

tim
e

A
dd

ed
ri
sk

to
lu
m
ba
r
pl
ex
us

In
ca
se

of
co
m
pl
ic
at
io
n
it
is
di
ff
ic
ul
t
to

co
nv
er
t
to

op
en

sp
in
al

su
rg
er
y

A
L
IF
,a
nt
er
io
r
lu
m
ba
r
in
te
rb
od
y
fu
si
on
;
L
LI
F
/X
L
IF
,
la
te
ra
l
lu
m
ba
r
in
te
rb
od
y
fu
si
on
/e
xt
re
m
e
la
te
ra
l
lu
m
ba
r
in
te
rb
od
y
fu
si
on
;
P
L
IF
,
po

st
er
io
r
lu
m
ba
r
in
te
rb
od

y
fu
si
on
;
T
LI
F
,
tr
an
sf
or
am

in
al

in
te
rb
od
y
fu
si
on
.

7Daniels et alJournal of Chiropractic Medicine
Lumbar Fusion SurgeryVolume xx, Number
Successful fusion permanently alters the mechanics of
the spinal segments at adjacent levels. The obligatory
problem in fusion is that the lost mobility of the fused
segment forces additional stresses on adjacent levels of
the vertebral column.1 Even in the absence of morpho-
logic changes, increased stress from fusion may cause
microtrauma to the intervertebral disks at adjacent levels,
accelerating the degenerative changes in the vertebrae,
ligaments, and intervertebral disks.1 Adjacent segment
disease, also known as junction failure, occurs in up to
10% of patients following posterior fusion.92,93 For
example, Park et al. recently showed that placement of an
anterior cervical plate with its margin within 5 mm of the
adjacent disk space increased the incidence of osteophyte
formation at that level.94 It is likely that similar events
occur in the lumbar spine. In the presence of chronic
low-grade instability and motion, pseudoarthrosis may
develop. Pseudoarthrosis represents fibrous, rather than
osseous, union of the fusion complex.1 Risk factors for
pseudoarthrosis include smoking, revision for previous
nonunion, and long-term use of nonsteroidal
anti-inflammatory drugs.95-97

The development of chronic pain after surgery is
commonplace.98,99 The rate of failure following spinal
surgeries is notable.100 It has been reported that about 1
in 5 patients who have undergone various surgical
procedures experience severe postoperative pain or only
poor to fair relief despite pain management therapies.99
Considerations for Treatment of Post-Fusion Low Back Pain
Examination and Imaging. Standard history and physical

examination have limited utility for assessing the
postoperative anatomy. When considering manipulative
therapies for postfusion low back pain, it is likely that a
chiropractic physician would first use imaging to evaluate
the status of the prior lumbar fusion. Although assess-
ment of spinal fusion often involves a multimodal
approach, plain film radiography is the most commonly
used modality, given its accessibility, cost, and relatively
low radiation dose.101 To effectively manage postoper-
ative patients, doctors of chiropractic should be able to
not only identify successful fusion but should also be
familiar with signs of instrumentation dysfunction.
Comprehensive discussions of hardware malfunction
are presented elsewhere,1,101 and these topics are only
briefly discussed here.

Evaluating Fusion Integrity. Typically, signs of bridging
bone on imaging should occur by 6 to 9 months after
surgery.1 Lateral flexion and extension radiographs must
show less than 3 degrees of intersegmental position change,
no lucent area around the implant, minimal loss of disk
height, no fracture of vertebra or hardware, no sclerotic
changes in the graft, and no visible ossification in or around
the graft material.102 Early-stage pseudoarthrosis may have



Fig 5. Extension radiograph obtained at 13-month follow-up
demonstrates resorption of the graft material and fracture of the
inferior screw (arrow). (Image provided courtesy of The
Radiological Society of North America. From Young et al.1.)
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a subtle appearance, but radionuclide bone scan or computed
tomography may help confirm the diagnosis. Computed
tomography or magnetic resonance imaging, or both, are the
imaging modalities of choice for postoperative spine pain. In
addition to evaluating for hardware failure, they are useful in
the diagnosis of spondyloarthropathies, tumor, infection,
sequestrated fragment, and postoperative scar or fibrosis
formation.103 Intravenous contrast application is recommend-
ed in patients previously operated upon for disk herniation to
help delineate postoperative scar tissue (epidural fibrosis) from
herniated material.104

Chiropractic Manipulation. The available literature on the
safety and effectiveness of chiropractic treatment of
postoperative pain following spinal fusion is limited
exclusively to case reports. Kruse and Cambron reported
on the treatment of 32 postoperative cases, of which 2 were
lumbar fusions treated with flexion-distraction manipula-
tion, and with no reports of adverse events.105 In another
report by Kruse and Cambron, they presented treatment of a
patient with postoperative L5-S1 pain successfully man-
aged with flexion-distraction manipulation and without any
adverse events.106 Greenwood presented a single case of
lumbar spine pain following an aviation crash and
subsequent multiple spinal surgeries, including L3-5 fusion,
which responded positively to flexion-distraction manipu-
lation.107 McGregor and Cassidy presented 3 cases of
sacroiliac syndrome following lumbar fusion, which
responded to high-velocity low-amplitude (HVLA) manip-
ulation and physical therapy modalities.108 Morningstar
and Strauchman treated 3 patients with postlumbar fusion
with manipulation under anesthesia followed by 8 weeks of
physical therapy, reporting subjective and functional
improvement without any adverse events.109 No articles
reported adverse outcomes of chiropractic treatment of
patients with history of lumbar fusion.

At present, there are no reports on experimental research
specific to chiropractic care following fusion surgery.
Furthermore, there are no published guidelines to aid
chiropractic clinicians in clinical decision making for
patients presenting after lumbar fusion. Frequently, studies
investigating chiropractic and lower back pain specifically
exclude patients with a history of spinal surgery.110-113

Large-scale randomized controlled trials are needed to
effectively assess the safety and efficacy of chiropractic
care for patients after lumbar fusion. Clinical trials are
needed to assess the risk-to-benefit ratio of various
chiropractic modalities for lumbar fusion. At this point in
time, there is reason for optimism that flexion-distraction
manipulation, HVLA manipulation and manipulation under
anesthesia may benefit these patients. A randomized trial by
Beyerman et al. provided support for the use of a
combination of HVLA, flexion-distraction, and heat in the
management of spinal osteoarthritis.114 It is logical that
similar treatment protocols could be applied with success in
postfusion cases of chronic pain with associated adjacent
segment disease.

Physical Medicine and Complementary Therapies. Additional
therapies such as myofascial release, rehabilitation, and
acupuncture, commonly utilized by chiropractic physicians
have been reported as beneficial in postoperative care
following lumbar fusion.115-118 Keller indicated that after
L4-5 fusion, there was modest functional improvement in
hamstring length following myofascial release and massage
over 7 treatment sessions.115 There is strong evidence in
support of intensive rehabilitation exercise programs started
4 to 6 weeks postoperatively and no evidence that they
increase reoperation rates.116 A report by Gliedt et al. stated
that the stimulation of multiple body acupuncture points
and auriculotherapy appear to be capable of reducing
postoperative pain.117 Compared with conventional reha-
bilitation, electroacupuncture following lumbar fusion
resulted in greater improvement in functional recovery
outcomes at 3-month, 6-month, and 1-year follow-ups.118
LIMITATIONS

Our database search consisted of only a PubMed
search, and we did not search the Index of Chiropractic
Literature, Cumulative Index to Nursing and Allied Health
Literature, or other search engines; thus, may have missed
relevant articles. The methodology was not a rigorous



Fig 6. Lateral radiograph depicts posterior interbody fusion a
L4-5 and L5-S1 and posterolateral displacement of the L5-S1
bone graft cage into the spinal canal (arrow). (Image provided
courtesy of The Radiological Society of North America. From
Young et al.1.)

Fig 7. Coronal computed tomography image clearly shows areas
of lucency around the inferior pedicle screws (arrows). (Image
provided courtesy of The Radiological Society of North America
From Young et al.1.)
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systematic review, as we were attempting to cover several
concepts related to low back pain in postfusion patients, and
this would have been less feasible with a systematic
approach.
CONCLUSIONS

Lumbar fusion surgeries are performed for a wide
spectrum of indications, including correction of degenera-
tive deformities, trauma, infection, tumor, and congenital
anomalies, such as scoliosis. This review focused on fusion
surgery for degenerative conditions and postoperative
chiropractic care. For degenerative conditions, there is
evidence to support the benefit of fusion in the presence of
intractable low back pain for which conservative care was
not successful, and for neurogenic claudication in the
presence of confirmed instability with spondylolisthesis.
Even with successful fusion, a large portion of patients will
continue to experience significant chronic spinal pain. This
review reported 10 cases with positive benefits from
chiropractic manipulation, flexion-distraction, and/or ma-
nipulation under anesthesia to treat postfusion lumbar pain.
Thus, chiropractic care may have a role in the treatment of
patients who have undergone lumbar fusion surgery.
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Practical Applications
• Persistent pain is common following lumbar

fusion procedures.
• Flexion-extension radiographs should be uti-

lized to assess integrity of surgical fusion and
rule out instability.

• Status post-fusion lumbar pain may benefit with
chiropractic manipulation, flexion-distraction,
or manipulation under anesthesia.
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