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This article is the second of 3 parts.

Adjacent Segment Disease and Proximal 
Junctional Kyphosis

Based on recently proposed terminology, degeneration 
that develops at mobile segments above or below a previ-
ously operated spinal level is known as adjacent segment 

pathology (ASP). Within the heading of ASP, radiologic ASP 
refers to the radiologic changes that occur at the adjacent 
segment, and clinical ASP refers to the clinical symptoms 
and signs that occur at the adjacent segment. ASP can occur 
after any spine surgery and in any region of the spine, 
including simple decompressions and short- or long-seg-
ment fusion surgical procedures. The development of ASP 
is problematic because it can necessitate further surgical 
intervention and adversely affect functional outcomes.

The fi rst section of this 3-part series focused on descrip-
tion of the risk factors for development of ASP and proxi-
mal junctional kyphosis (PJK), and the classifi cation systems 
that have been developed as a means of creating a more 
standardized approach for diagnosing and treating these 
conditions. In part 2 of this review, the focus is on impor-
tant general concepts in the prevention and treatment of 
ASP after lumbar spine surgery. As a basis for understand-
ing specifi c methods for prevention and treatment strate-
gies, we also discuss important principles that underlie the 
pathologic processes involved in the development of these 
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conditions, including the importance of global, regional, 
and junctional alignment.

Adjacent Segment Pathology in the Lumbar Spine
ASP after lumbar spine fusion surgery is likely a result 

of stress concentration and hypermobility at the junction 
of the mobile and fused segments. Iatrogenic disruption 
of the soft tissue and ligamentous structures may promote 
instability and accelerate degenerative processes at adja-
cent segments. With time, these forces can lead to prema-
ture degeneration of the facet joints. As the facets 
degenerate, translation of the adjacent segment may occur 
and may produce listhesis. The chronic segmental stress 
concentration and hypermobility can also lead to facet 
hypertrophy and thickening of the ligamentum fl avum. 
Collectively, these changes can result in compression of 
the neural elements and the common clinical symptoms 
of ASP, including back pain, radiculopathy, and neuro-
genic claudication.

Radiographic ASP after lumbar spine surgery is a com-
mon occurrence. A recent meta-analysis reported a wide 
range of incidences, with up to 92% in some series. Reported 
rates for symptomatic ASP are also widely variable, with 
reports ranging from 2% to 30%. Risk factors for develop-
ment of ASP include patient factors such as age, sex, obesity, 
preexisting degeneration, and facet tropism. A number of 
surgical risk factors have also been reported. For lumbar 
fusions the technique used, interbody versus posterolateral 
versus anterior/posterior surgery, has not been consistently 
shown to be associated with the occurrence of ASP, although 
some studies have reported a lower rate of degeneration 
with anterior lumbar interbody fusion alone. Increased 
number of laminectomy segments and laminectomy adja-
cent to a fusion has been reported to be a risk factor for 
development of ASP. It remains unsettled whether length 
of fusion is a risk factor for ASP, as some reports suggest 
that longer segment fusions are associated with increased 

incidence of ASP, whereas other studies, particularly in the 
adult deformity literature, suggest that fusion length and 
long spinal fusions are not necessarily associated with 
accelerated degeneration of the transitional level. Several 
retrospective studies and meta-analyses have shown that 
disruption of sagittal or coronal alignment and ligamentous 
disruption can accelerate degeneration of adjacent segments 
in the lumbar spine. 

Impact of Alignment on Lumbar Adjacent 
Segment Pathology

Advances in our understanding of spinopelvic align-
ment, and reciprocal changes and compensatory mecha-
nisms occurring in the unfused spine after spinal 
instrumentation for adult spinal deformity, have added 
further insights into understanding lumbar ASP. Duval-
Beaupere and Boulay et al. described a chain of correlations 
between global and regional spinal alignment parameters 
with pelvic incidence (PI). They suggested that the PI 
(a fi xed anatomic parameter) dictates the amount of lumbar 
lordosis (LL) required to assume a balanced sagittal posture 
using the equation PI = LL ± 9 degrees. The importance of 
this relationship has been demonstrated in the adult spinal 
deformity literature. Schwab et al. reported that PI-LL mis-
match was one of the strongest radiographic correlates with 
disability and lower quality-of-life scores in adult patients 
with spinal deformity. Smith et al. demonstrated that patho-
logic loss of LL with PI-LL mismatch can lead to signifi cant 
pain and disability, even in the absence of global malalign-
ment. They also showed that surgery to restore lordosis and 
reduce PI-LL mismatch can lead to signifi cant improvement 
in pain and functional outcomes. 

The importance of spinopelvic sagittal alignment and 
its implications for clinical outcomes after spinal fusion 
or decompression of the degenerative lumbar spine has 
been demonstrated in recent studies. Kumar et al. in a 
series of patients who underwent lumbar spine fusions 
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for degenerative conditions reported that patients who 
had an abnormal C7 plumb-line position and/or high 
sacral slope had a significantly higher rate of ASP. 
Djurasovic et al. reported that patients with less lordosis 
across their fusion levels and through the entire lumbar 
spine developed ASP at a signifi cantly greater rate than 
matched controls. A recent study by Rothenfluh et al. 
demonstrated that patients with PI-LL mismatch of more 
than 10 degrees after short-segment lumbar fusion had 10 
times higher risk for undergoing revision surgery for ASP 
than did controls without such a PI-LL mismatch. These 
results are supported by biomechanical studies from Sen-
teler et al. and Umehara et al., who provide a biomechan-
ical explanation for the association between PI-LL 
mismatch and adjacent segment disease (ASD). Their 
studies suggest that hypolordosis across instrumented 
segments resulting in PI-LL mismatch increased the 
mechanical load on the posterior column of the adjacent 
unfused segments, which may accelerate the degenerative 
process (Figure 1). 

Management of Lumbar Spine ASP
Based on radiographic evaluation, ASP appears to be 

quite common. Radiographic ASP, however, does not nec-
essarily correlate with a poor prognosis. Most clinical stud-
ies show that functional outcomes are largely unaffected 
by asymptomatic ASP and that surgical intervention is 

therefore often not indicated. When patients present with 
symptoms referable to pathology at the adjacent segment, 
surgery can be considered as an option, particularly if non-
operative therapy has failed. The few clinical studies spe-
cifi cally addressing surgical management of lumbar ASP 
emphasize adequate decompression of neural elements and 
subsequent extension of the fusion if indicated for instabil-
ity. Recent evidence suggests that identifi cation and treat-
ment of malalignment if present should be considered in 
any surgical intervention for ASP. Although simply extend-
ing the fusion to address the symptomatic level may be 
appropriate in certain instances, surgery for ASP that fails 
to address the underlying malalignment or fails to achieve 
an appropriate realignment may predispose to further ASP 
(Figure 2).

Treatment of symptomatic ASP has typically been 
decompression and stabilization, or extension of the exist-
ing construct. Traditionally, this is performed with poste-
rior laminectomy and pedicle screw fusion. Other 
methods of spine stabilization and decompression have 
also been shown to be effective in the management of 
clinical ASD, including posterior lumbar interbody fusion, 
transforaminal lumbar interbody fusion (TLIF), anterior 
lumbar interbody fusion, and minimally invasive trans-
psoas lateral lumbar interbody fusion (LLIF). The next 
section discusses the various methods for management 
of lumbar ASD.

Figure 1. Case example 1. A 60-year-old man with back pain, neurogenic claudication, and radicular pain that was nonresponsive to 
multiple nonsurgical therapies. MRI demonstrated multiple levels of disc degeneration with signifi cant central and foraminal stenosis at 
L3-L4 (A). Standing spine radiographs demonstrated a C7-S1 SVA of +13 cm (B and C). His PI and LL were 59 and 35 degrees, 
respectively, resulting in a PI-LL mismatch of 24 degrees. The patient underwent L3-S1 decompression and instrumented posterolateral 
fusion at an outside facility. The patient’s symptoms improved after surgery. However, within 2 years of surgery, the patient developed 
progressive severe back pain and recurrent claudication symptoms. Imaging at follow-up demonstrated adjacent-level hypermobility 
with development of adjacent segment disc herniation and stenosis (D and E). Imaging demonstrated an SVA of +15 cm, an LL of 24 
degrees, and a PI-LL mismatch of 35 degrees (F) .
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Decompression Without Fusion for Lumbar ASP
Symptoms of radiculopathy and neurogenic claudica-

tion are commonly the result of hypertrophic facet joints 
and hypertrophied ligamentum fl avum. In patients with-
out overt instability and preserved alignment, a simple 
decompression may provide adequate symptom relief. 
Series reported by both Phillips et al. and Schlegel et al. 
reported greater than 50% improvement in back and leg 
pain after decompression alone without additional exten-

sion of fusion. Despite the positive results of some studies, 
it has been shown in other studies that laminectomy alone, 
adjacent to a previous fusion segment, increases the risk 
of recurrent ASP. This is presumably secondary to desta-
bilization adjacent to a fused construct. In general, adjacent 
noninstrumented decompression should be only consid-
ered in those patients with a low likelihood of developing 
instability (no spondylolisthesis, no signifi cant coronal or 
sagittal malalignment). Even then, patients should be 

Figure 2. Case example 2. A 50-year-old woman with a history of multiple prior spine surgical procedures. The initial treatment was an 
L5-S1 posterolateral fusion. Subsequently, she underwent a stand-alone L4-L5 LLIF for ASP. She subsequently developed ASP at L3-4 
and was treated with extension of fusion and L2-3 and L3-4 TLIFs. She ultimately presented with back pain and recurrent claudication 
symptoms. Full-length standing fi lms (A–C) demonstrated a C7-S1 SVA of +7 cm. Her PI was 58 degrees and her LL was 34 degrees, 
resulting in a PI-LL mismatch of 24 degrees. MRI demonstrated adjacent segment stenosis at L1-2 (D) .
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counseled about the risks of instability, potentially requir-
ing future surgery for stabilization.

Posterior Instrumentation and Fusion for Lumbar 
ASP

Decompressive laminectomy and extension of the previ-
ous fusion construct from a posterior approach remains the 
mainstay of treatment for symptomatic ASP of the lumbar 
spine. In the setting of symptomatic ASP with radiographic 
evidence of dynamic instability, spondylolisthesis, and/or 
stenosis, several studies report signifi cant improvement in 
pain and quality of life after revision surgery. In a series of 
patients treated for adjacent segment instability and 
stenosis, Chen et al. reported 77% of the patients had good 
results after a 5-year follow-up period. In that series revi-
sion surgery consisted of aggressive decompression 

involving extensive removal of the medial facets and 
foraminotomies followed by extension of the previous 
fusion. 

A modifi ed TLIF technique described by Jagnnathan et al. 
has been shown to be a powerful technique for restoring LL 
from a posterior approach and is an effective technique for 
the treatment of ASP. This procedure involves a full posterior 
column osteotomy with bilateral facetectomies and placement 
of a large lordotic cage in a horizontal position at the anterior 
aspect of the disc space. With the horizontal placement at the 
anterior one-third of the disc space, subsequent compression 
allows a cantilever effect resulting in signifi cant segmental 
lordosis restoration. This enables correction of both focal and 
segmental lordosis using a short-segment extension of a prior 
fusion. In the setting of postsurgical PI-LL mismatch, this 
technique may be used to revise a previously fused segment 

Figure 3. Case example 3. A 54-year-old man with back pain and lower extremity radicular pain. The patient underwent an L4-S1 
dynamic stabilization 6 years prior. At that time, the patient had been experiencing primarily leg pain. After the surgery, the patient’s 
symptoms improved; however, over the past few years he developed signifi cant back pain and new right leg radicular pain. He states 
the leg pain radiates from the right hip, across the right thigh, to the medial aspect of the right knee. In addition, he describes signifi cant 
back pain particularly when standing. He has undergone extensive nonoperative management, including facet injections, epidural injec-
tions, and sacral-iliac joint injections without durable benefi t. Notably, he underwent an L3-4 epidural corticosteroid injection 2 weeks 
before presentation, which provided approximately 1 week of relief and since then his symptoms have recurred. He states that the back 
pain is signifi cant, but the right leg pain and weakness is worse than the back pain. Full-length standing fi lms demonstrate an SVA of 
−1 cm. His PI and LL were 46 and 32 degrees, respectively, for a PI-LL mismatch of 14 degrees (A and B). Flexion and extension 
lumbar radiographs demonstrate a grade I L3-4 spondylolisthesis (C and D). MRI demonstrates adjacent segment stenosis at L3-L4 
with degenerative changes in the L3-4 facet joints (E and F) .
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if no interbody fusion had been performed. It is also a useful 
technique for maximizing segmental lordosis at the lumbo-
sacral junction after long-segment fusions (Figures 3 and 4).

Lateral Lumbar Interbody Fusion for Lumbar ASP
The LLIF is a minimally invasive procedure that has 

been shown to be effective in the treatment of ASP. With 
an LLIF, interbody fusion is achieved through a transpsoas 
approach and achieves indirect decompression through 
restoration of disc height. One of the benefi ts of the LLIF 
in the treatment of ASP is the ability to avoid traversing 
scar tissue and to avoid disruption of the posterior tension 
band and the anterior and posterior longitudinal liga-
ments, which may help to prevent further ASP. A recent 
study by Aichmair et al. reported on the outcomes of 
single-level LLIF for treatment of lumbar ASP. In their 
series of 52 patients, the authors reported a signifi cant 
reduction in back and leg pain and improvement in seg-
mental lordosis. Although LLIF seems to be advantageous 
in the setting of ASP, there is much debate regarding the 
effi cacy of treatment with stand-alone LLIF. There are also 
conflicting reports on the ability of LLIF to restore 
segmental lordosis. 

Nonfusion Techniques
Motion preservation technologies, including lumbar disc 

arthroplasty and dynamic posterior instrumentation, have 
been described as potential solutions for preventing ASP. 
To date, multiple studies have not shown signifi cant differ-
ences in adjacent segment reoperation rates after lumbar 

total disc replacement versus fusion control groups, 
although longer follow-up and larger studies will be neces-
sary to determine whether motion preservation will ulti-
mately result in lower ASP rates.

Posterior dynamic stabilization devices have been 
designed that provide segmental stability with reduced 
rigidity compared with pedicle screw fi xation, with the 
goal of reducing biomechanical stress at the junctional 
level compared with rigid fusion techniques. Results of 
several series, however, suggest that lumbar dynamic sta-
bilization may not be effective in preventing adjacent seg-
ment degeneration. Kanayama et al. reported no reduction 
in ASP with posterior-based motion-preserving technol-
ogy over fusion in a retrospective study comparing 
dynamic stabilization, posterolateral fusion, and postero-
lateral interbody fusion for patients with lumbar spinal 
stenosis. In a prospective study of patients treated with 
dynamic stabilization, Schaeren et al. showed a 47% rate 
of adjacent segment breakdown at average 52 months’ 
follow-up. In another similar prospective cohort study of 
patients treated with a Nitinol spring rod system, Heo et 
al. reported 12% proximal and 16% distal segment degen-
eration after dynamic stabilization. Other studies have also 
demonstrated progression of degeneration at bridged and 
adjacent segments after dynamic stabilization system after 
2-year follow-up.

Conclusion
ASD may occur after any lumbar spine surgery because 

of the combined effect of several postoperative mechanical 
factors and the normal aging process of the spine. The devel-
opment of ASD may become problematic and adversely 
impact functional outcomes. Surgical revision may be war-
ranted in more severe cases of ASD that involve refractory 
back pain or neurological defi cit. The technical factors that 
are most reliably associated with ASD include laminectomy 
adjacent to a fusion and failure to restore appropriate seg-
mental lordosis. When planning a surgical intervention for 
the treatment of ASD, restoration of global, regional, and 
segmental alignment should be considered in addition to 
neural decompression and stabilization. New technologies, 
including minimally invasive techniques and motion 
preservation, have not yet been proven to reduce the rate 
of ASD. 
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1. The development of adjacent segment disease may be prob-
lematic because in severe cases it can warrant further surgi-
cal intervention.

True or False?

2. A spine surgeon performs L4-L5 decompression and poste-
rior fusion with transpedicular instrumentation. Postopera-
tively, there will likely be decreased stress concentration and 
hypermobility at the adjacent L3-L4 level.

True or False?

3. During lumbar spine surgery, iatrogenic disruption of the soft 
tissue and ligamentous structures may promote instability 
and accelerate degenerative processes at adjacent seg-
ments. With the goal of reducing severe ASP, the lumbar spine 
surgeon should attempt to limit posterior dissection and pre-
serve ligamentous structures (facets and posterior ligaments) 
at the adjacent segments.

True or False?

4. Radiographic ASP after lumbar spine surgery is common; 
however, symptomatic ASP may be variable and occur with 
less frequency.

True or False?

5. Patients with PI-LL mismatch of more than 10 degrees after 
short-segment lumbar fusion do not have higher risk for 
undergoing revision surgery for ASP compared with patients 
without such a PI-LL mismatch.

True or False?

6.  In general, adjacent noninstrumented decompression should 
be only considered in those patients with a low likelihood of 
developing instability (no spondylolisthesis, no signifi cant 
coronal or sagittal malalignment).

True or False?

7. A posterior approach and performing a decompressive lami-
nectomy and extension of the previous fusion construct 
remains the mainstay of treatment for symptomatic lumbar 
ASP.

True or False?

8. A possible benefi t of LLIF in the treatment of ASP is avoiding 
disruption of the posterior tension band, which may help pre-
vent further ASP.

True or False?

9. Motion preservation technologies, including lumbar disc 
arthroplasty and dynamic posterior instrumentation, have 
been proven to prevent ASP.

True or False?

10. When planning a surgical intervention for the treatment of 
ASP restoration of global, regional, and segmental alignment 
should be considered in addition to neural decompression 
and stabilization.

True or False?
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