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Abstract

Study Design: Narrative review.

Objective: To provide an overview on the diagnosis and surgical management of rheumatoid involvement of the lumbar spine.
Rheumatoid arthritis (RA) is a chronic inflammatory disease of synovial joints, most commonly appendicular followed by axial.
Although cervical spine involvement of RA is well documented, data on lumbar spine involvement and surgical management
remains limited.

Methods: Using PubMed, studies published prior to November 2018 with the keywords “RA, etiology”; “RA, spine manage-
ment”; “RA, surgical management”; “RA, treatment”; “RA, DMARDs”; “RA, lumbar spine”; “RA, spine surgical outcomes”; “RA,
imaging” were evaluated.

Results: The narrative review addresses the epidemiology, manifestations, imaging, surgical complications, and operative and
nonoperative management of RA involvement of the lumbar spine.

Conclusions: Rheumatoid involvement of the lumbar spine can present with lower back pain, neurogenic claudication,
radiculopathy, spinal deformity, and instability. Patients with RA have significantly higher rates of vertebral fractures and
complications following surgical intervention. However, in the setting of instability and spinal deformity, thoughtful surgical
planning in conjunction with optimal medical management is recommended.
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Introduction

Surgical Management of the Lumbar Spine in
Rheumatoid Arthritis

Epidemiology. Rheumatoid arthritis (RA) is a chronic, systemic,

inflammatory disease primarily involving the synovial joints

with a substantial global burden of disease.1 In the United

States, it was estimated that nearly 1.36 million individuals

were living with RA in 2014, with a prevalence of 0.5% to

1% and a 3 to 1 ratio of females to males affected.2,3 The axial

skeleton is the third most common location of RA manifesta-

tion after hands and feet, with cervical spine involvement

affecting 43% to 88% of patients with RA.4 Although the invol-

vement of this disease in the cervical spine has been well

reported and studied, there are few reports of disease manifes-

tation and best treatment practices for the lumbar spine. Lum-

bar lesions may have been overlooked in patients with RA,

since prior to the routine use of biologic medications for RA,

many patients sustained cervical spine instability and associ-

ated neurological deficits.5-9 One study found that 42% of

patients with RA had both lumbar and cervical lesions.4

Anatomy and Pathophysiology. RA is a complicated disease, with

a wide range of opinions on the disease, its etiology, and its

treatment.10,11 The disease primarily affects the synovial com-

partment, with the clinical manifestation of joint swelling

reflecting immune activation and synovial membrane inflam-

mation.11 The triggers for the inflammation are thought to be
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multifactorial, including environmental and genetic factors that

eventually lead to abnormal cytokine release.12 In the lumbar

spine, the facet joints are reported to be the most commonly

affected, with synovitis and degenerative changes leading to

pain and instability.13 Because facet joints are fibrocartilagi-

nous synovial joints, facet erosions are thought to involve a

similar mechanism as peripheral joints—synovitis with erosion

of cartilage and subchondral bone.14 Endplate erosions also

occur with RA lumbar lesions (Figure 1). Although the disco-

vertebral junction is not a synovial joint such as the peripheral

or facet joints, histological analysis suggests that erosions of

the endplate begin as an enthesopathy at the discovertebral

junction.15 The inflammatory degeneration of collagen at the

junction between the disk and the endplates lead to loss of disk

space and instability.14 Other spinal involvements causing

symptoms include erosive discitis, spinal stenosis, vertebral

collapse, and extension of the inflammatory process from the

apophyseal joints.16 The combination of these changes can

result in spinal deformity, including loss of lumbar lordosis

and degenerative scoliosis in up to 28% of patients.4,17,18

Significance

RA has an economic impact on patients’ abilities to sustain

employment since patients may experience remission and

relapse of their symptoms.19 Furthermore, patients with RA

have higher frequencies of vertebral fractures and higher com-

plication rates following surgical interventions compared to

patients without RA undergoing similar interventions.20,21 The

management of RA affecting the cervical spine is well

described, but there are limited studies discussing the manage-

ment of rheumatoid involvement of the lumbar spine.

Manifestations

General

The clinical manifestations of RA are heterogeneous, and the

extent of joint involvement and disease progression has been

characterized into least erosive disease (LED), more erosive

disease (MED), and mutilating disease (MUD), with the latter

2 representing axial joint involvement as well as peripheral

joint involvement.22

Lower back pain occurs in approximately 25% to 40% of

patients with RA.4,23 However, Yamada et al23 found no asso-

ciation between lower back pain in patients with RA and

radiographic findings. Symptoms possibly related to lumbar

lesions and concurrent lumbar stenosis include neurogenic

claudication and paresthesias.4 Case reports and series have

also identified incidences of patients reporting lower extre-

mity weakness from pathologic fractures, vertebral subluxa-

tions caused by mutilating RA, and foraminal stenosis.24,25

Extra-articular manifestations can be seen with RA as well.

There have been case reports of extradural and intradural

rheumatoid nodules causing thoracolumbar stenosis and radi-

culopathy.26-28 There have also been case reports of spinal

neuroarthropathy secondary to RA, caused by loss of innerva-

tion to the spine from cytokine release leading to degenera-

tions in disks, end plates, and facet joints resulting in

dislocations.29

Osteoporosis and Fracture Risk

There is a higher incidence of osteoporosis and low bone

mineral density in RA patients compared with controls.30

Inflammation related to RA and other inflammatory diseases

such as ankylosing spondylitis has been presumed to contribute

to lower bone mineral densities and increased risk of vertebral

fractures.31,32 However, the association between the use of

corticosteroids in RA and increased risk of vertebral fractures

remains controversial. Meng et al30 found a positive correlation

between oral glucocorticoid use and risk of major osteoporotic

fractures (r¼ 0.701 and P¼ .006), consistent with the findings

of Arai et al33 findings of 33% prevalence of vertebral fracture

in patients with RA taking glucocorticoids compared with 11%
prevalence of vertebral fracture in patients with RA not taking

glucocorticoids. In contrast, in a case-control study with 101

patients with RA and 303 controls, Ghazi et al34 reported an

inverse relationship between glucocorticoid use and prevalence

of vertebral fractures, consistent with the report of Ørstavik

et al35 report of 255 patients with RA that found no association

between corticosteroid use and incident vertebral deformities.

However, it is the senior author’s practice to order a DEXA

(dual-energy x-ray absorptiometry) scan prior to any spinal

fusion. If osteopenia or osteoporosis is identified, the patient

is referred appropriately for initiation of antiresorptive medica-

tions or anabolic medications such as teriparatide (Eli Lilly,

Indianapolis, IN).

Figure 1. Sagittal computed tomography (CT) of the lumbar spine
demonstrating L2-L3 endplate erosive changes (arrow).
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Imaging

Radiography (X-Ray)

The radiographic hallmarks of RA in the thoracolumbar spine

include erosion and fusion of apophyseal and facet joints along

with erosions of spinous processes.36,37 General radiological

lumbar lesions were not more prevalent among RA patients

compared with population controls, though vertebral fractures

were more frequent in RA patients.38 Disc space narrowing and

severity of endplate erosion were correlated with higher RA

severity scores (Larsen grades).4,38 Larsen grade of the wrist

was also found to be higher in patients with lumbar facet ero-

sion, compared to patients without these lesions.4 This is likely

because facet joints are synovial joints consisting of fibrocar-

tilage that are very similar to peripheral joints and as such

undergo similar inflammatory reactions resulting from RA.39

Abnormal radiologic findings in the lumbar spine have been

reported in 57% of patients with RA. In particular, the most

frequent radiographic findings (Figure 2) are disc space nar-

rowing (37%), scoliosis (28%), spondylolisthesis/retrolisthesis

(23%), endplate erosion (20%), facet erosion (20%), and osteo-

phyte formation (5%).4 In another study, 21% of RA patients

had vertebral fractures, and the vertebral fractures increased to

33% in patients treated with corticosteroids.33 These findings

are generally consistent with other existing literature.40,41 In

assessing for evidence of spondylolisthesis in patients with RA,

Sugimura et al42 found 36.7% of patients with RA had radio-

graphic evidence of lumbar spondylolisthesis, with significant

associations with higher serum CRP levels and history of joint

surgery.

Of note, Lee et al43 described significant relationships

between certain sagittal parameters and clinical outcomes in

patients with RA. The study included 120 RA patients and 60

controls, and found that the C7/sacrofemoral distance ratio

(C7/SFD) significantly predicted the visual analogue scale

(VAS) for back pain (P ¼ .005), and the spinosacral angle

(SSA) significantly predicted the Korean Oswestry Disability

Index (KODI) and Scoliosis Research Society scores (P¼ .038

and P ¼ .044, respectively) in RA patients.43 The authors also

reported that the mean C7/SFD ratio was more positive and the

SSA lower in RA patients than in matched controls, speculating

that spinal misalignment and pelvic abnormalities are closely

related in RA.

Magnetic Resonance Imaging (MRI)

MRI is increasingly being used for RA research and in clinical

practice because of its capability in detecting early inflamma-

tory changes in bones and joints without exposing patients to

ionizing radiation. This ability to identify the key pathological

features of RA much earlier than would be seen on radiography

is advantageous in earlier treatment of the disease, especially

Figure 2. (A) Anteroposterior Lumbar radiograph demonstrating scoliosis with an apex at L2-L3. (B) Lateral radiograph demonstrating focal
kyphosis and erosive endplate changes at L2-L3.
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with the advent of newer biologic agents that may benefit

patients if started early.44 MRI has the added benefit of detect-

ing bone marrow edema, thought to be a precursor to the devel-

opment of erosions in RA as well as a marker of inflammation.

In particular with the MRI, clinicians are able to assess for facet

effusions and synovitis.

MRI offers the most comprehensive evaluation of RA in the

spine (Figure 3). It is typically performed to assess for the

presence of stenosis and neural element compression associ-

ated with deformity.45 A study of 201 patients with RA used

MRI and found lumbar endplate erosions in 70.6% and lumbar

facet erosions in 76.6% of patients.14 The severity of erosions

was found to be highest in patients with radiographic evidence

of lumbar lesions. Although future studies investigating the

specificities of MRI findings to RA and the sequences for best

identifying specific lesions are warranted, MRI remains advan-

tageous in evaluating for inflammation in and around the spine,

as well as for surgical planning.

Computed Tomography Scan (CT Scan)

In the setting of spinal deformity associated with RA, CT scan

and 3-dimensional modeling can assist in visualizing the defor-

mity. CT scan is also useful for surgical planning, especially for

multilevel constructs.

Treatments

Surgical treatment of lumbar lesions affected by RA are gen-

erally tailored to each patient, taking into account location of

the lesion as well as the patient’s symptoms. Indications for

lumbar spine surgery include radiculopathy and neurogenic

claudication with exhaustion of non-operative treatment mod-

alities, as well as pain associated with spinal deformity. It has

been shown that surgical management of rheumatoid arthritis

leads to better results compared to non-operative treatments.46

However, the data on surgical management of the lumbar spine

is mostly limited to case reports and series.

Lumbar Fusion and Laminectomy:

Posterior lumbar interbody fusion with spinal instrumentation

is often used in conjunction with decompression in the setting

of instability and rheumatoid spondylitis.47 Crawford et al48

reported on 19 patients with RA who had symptomatic lumbar

stenosis requiring posterolateral lumbar fusion, along with a

matched control group of non-RA patients. Using a clinical

outcome scale by Herkowitz and Kurtz,49 the outcomes were

similar between the RA and non-RA groups, with 74% of

patients achieving good to excellent results in the RA group

and 63% in the non-RA group. In another case-control study

with 40 patients with RA and 134 without RA undergoing

posterior lumbar fusion for spinal stenosis, symptoms were

reduced significantly one year after the surgery in both groups

(P ¼ .001), measured by the VAS and KODI. However the RA

group’s clinical scores deteriorated in the second year, with the

clinical scores being significantly higher than those of the non-

RA group (VAS back pain, P ¼ .001; VAS leg pain, P ¼ .024;

KODI score, P < .001).50 Successful treatment of cauda equina

symptoms with decompression and fusion have also been

described in case reports.16,51 In another series, decompression

and posterior lumbar interbody fusion was successful in treat-

ing back and leg pain, with improved gait and activities of daily

living. However, high rates of complications were reported,

including collapse of adjacent vertebra (57%), instability of

adjacent levels (43%), migration of pedicle screws (29%), col-

lapse of bone graft (14%), and infection (14%).47

Laminectomy/Laminotomy Without Fusion

Recent reports suggest that decompression without fusion may

be associated with decreased rates of complications. Seki

et al52 looked at outcomes of 52 patients with RA who under-

went surgery for lumbar spinal disorders over a mean of 5.1

years, with 27 who underwent decompression with fusion and

25 who underwent decompression without fusion. The rate of

revision and adjacent segment disease was significantly greater

in the fusion group.52 Newer strategies such as laminotomy

without fusion, a technique using smaller incisions and sparing

the supra- and interspinous ligaments, have also been

described. In a large observational study of 1433 patients,

RA patients with lumbar spinal stenosis experienced significant

and similar improvements in patient-reported outcomes after

laminotomy or laminectomy without fusion compared to those

without RA (P < .001). Complication rates were found to be

similar in both groups at the 1-year follow up.53

Figure 3. Sagittal T2-weighted magnetic resonance imaging (MRI) of
the lumbar spine demonstrating erosive changes at L2-L3 and L3-L4.
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Spinal Deformity (Figure 4)

Although studies on lumbar spinal deformities in patients with

RA are limited, lumbar scoliosis has been reported to have a

prevalence of 28% to 32% in patients with RA.4,54 Further-

more, complication rates have been reported to be higher in

patients with RA undergoing long spinal fusion for deformity

correction than in patients without RA. A recent outcomes

study on long spinal fusion for scoliosis in 28 matched patients

with and without RA found that patients with scoliosis and RA

had significantly more major complications (deep wound

infections, epidural hematomas, instrumentation failure, pseu-

doarthrosis, respiratory complications, death, etc) and second-

ary procedures than those with scoliosis alone (23 vs 11;

P < .001, and 14 vs 6; P < .001, respectively).17 The authors

concluded that factors related to the higher rates of complica-

tion in surgical management of scoliosis in patients with RA

may be due to the combination of poor bone quality and a

weakened immune system due to RA therapy. Ohishi et al55

reported that in their study of 26 RA patients with lumbar

scoliosis, the initial Cobb angles were inversely related to the

progression of scoliosis, contrary to what has been reported for

degenerative scoliosis. This finding suggests that the progres-

sion and underlying characteristics of spinal deformities related

to RA may involve different processes such as disease effects

on bone and therapy-related adverse effects reported by other

studies, as compared to degenerative scoliosis not associated

with RA.17,54,55

Disease-Modifying Antirheumatic Drugs (DMARDs)

Recent advances in pharmacologic management of rheumatoid

arthritis has reduced the number of patients who reach end-

stage joint destruction.56 DMARDs used to manage RA include

methotrexate, leflunomide, azathioprine, hydroxychloroquine,

and biologic modifiers such as tumor necrosis factor inhibitors

and interleukin-1 inhibitors. These are immunosuppressive

medications, and are generally stopped one half-life prior to

surgery to reduce the risk of infection, and restarted once heal-

ing has occurred, around 2 weeks after surgery.57 In deciding

whether to hold medications or not, the risk of infection and

delayed healing must outweigh the risk of disease flare-ups

hindering rehabilitation.

Saleh et al58 in their review of pre- and perioperative man-

agement of RA, reports that methotrexate continuation prior to

surgery showed no short- or long-term increases in infection

risk or complications. However, it is cautioned that methotrex-

ate should be held 1 week preoperatively and at least 1 to 2

weeks postoperatively in elderly patients or in those with

comorbidities that affect drug metabolism.58

For patients on leflunomide monotherapy, there have been

reports of substantially increased risk of surgical wound infec-

tions.59 Therefore it is recommended to discontinue leflunomide

1 to 2 days prior to the procedure, and begin cholestyramine to

rapidly reduce blood levels of active metabolites.58,60 Lefluno-

mide may be restarted 1 to 2 weeks postoperatively after the

wound has healed, and antibiotics have been discontinued.

Figure 4. A 67-year-old woman with rheumatoid arthritis (RA) presents with back pain and radicular symptoms. (A, B) Anteroposterior and
lateral scoliosis radiograph demonstrates a lumbar scoliosis with an apex at L3-L4 and loss of lumbar lordosis. (C, D) Coronal computed
tomography and 3-dimensional reconstruction demonstrates the multilevel endplate erosions and degenerative disc disease. (E, F) The patient
was treated with a T11-pelvis instrumentation, L3-L4, L4-L5, L5-S1 interbody fusion. At 18 months postoperative, she is doing well with
improved radicular symptoms but with some axial symptoms.
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With the introduction of tumor necrosis factor–a (TNF-a) inhi-

bitors, such as infliximab, etanercept, and adalimumab, more

severe forms of RA have been better managed, and reduced the

number of patients progressing to end-stage joint destruction.58

Although there have been conflicting reports regarding increase in

surgical infection risk with TNF-a inhibitors, a recent retrospec-

tive review of 50 359 patients found that patients who took a TNF-

a inhibitor within one administration interval prior to surgery

(with or without other DMARDs) had a 10-fold increase in the

rate of infection.61-63 Giles et al62 found that patients with RA who

developed serious postoperative infections were more likely to be

treated with a TNF-a inhibitor than the noninfected group (P ¼
.041). In their analysis, prescription of TNF-a inhibitor therapy

was also significantly associated with the development of a serious

postoperative infection (odds ratio 4.4, 95% confidence interval

1.10-18.41), even after controlling for age, sex, disease duration,

prednisone use, and other factors. Although currently there are no

guidelines for perioperative management of DMARDs for spine

surgery, the 2017 American College of Rheumatology/American

Association of Hip and Knee Surgeons guideline for elective total

hip or total knee arthroplasty state that TNF-a inhibitors should be

discontinued at least 1 dosing cycle prior to surgery.64 Although

there is lack of evidence regarding the optimal time to restart

biologic medications, it is also recommended that they be restarted

after evidence of wound healing, typically 14 days, and without

clinical evidence of nonsurgical site infections.58,64

The senior author’s practice is to discuss with the patient’s

rheumatologist and to hold DMARDs at a minimum of 2 weeks

pre- and postoperative.

Complications

Compared to patients without RA, patients with RA who

undergo surgical management have worse subjective scoring

outcomes and increased rates of complications.21,48 Common

complications include wound infections, pseudoarthrosis, non-

union, implant complications, and adjacent level degeneration.

A recent outcomes study of posterolateral lumbar fusion showed

that compared to patients without RA, those with RA had almost

a 3-fold increase in complications such as radiographic evidence

of nonunion (P¼ .001), implant failure (P¼ .032), symptomatic

adjacent segment disease (P¼ .001), and infection (P¼ .031).50

Overall complication rates of patients with RA who underwent

lumbar fusion ranged from 37% to 47.5%, with 37.5% requiring

revision.48,50 A limitation of these studies is a small sample size.

In a recent nationwide analysis of 52 818 patients undergoing

noncervical spinal fusions, no difference in mortality rate

(P ¼ .99) was found between patients with RA and patients

without RA. However, those with RA were found to have sig-

nificantly higher rates of infections (P ¼ .032), implant-related

complications (P ¼ .01), incidental durotomies (P ¼ .001), and

urinary tract infections (P ¼ .001).18

Adjacent Segment Disease (ASD)

ASD is a known complication of fusion surgery in RA patients,

with an incidence of up to 60% and significantly higher than

those who undergo lumbar decompression alone.52 Of note,

Kang et al50 found that among the patients with complications

after posterolateral lumbar fusion (47.5% in the RA group and

17.1% in the non-RA group, P < .001), those with RA had a

significantly higher incidence of ASD (P ¼ .001). Rates of

revision surgery have also been shown to be increased in RA

patients undergoing lumbar decompression with fusion (37%)

compared to decompression without fusion (4%) in a study of

52 patients (P ¼ .004), with 73% of these revisions found to be

indicated due to symptomatic ASD (P ¼ .03).52 One recent

study showed that compared to patients without RA, RA was

associated with a 4.5 times increased risk of post–fusion-

related ASD requiring subsequent surgery, and that 3-

segment fusion was associated with a 2.7 times higher risk of

ASD requiring surgery than 1- or 2-segment fusion.65 In

patients with extensive spinal deformity in the setting of RA

that require long spinal fusion, the decision to extend the fusion

to the sacrum or only to L5 used to be controversial.66 In the

senior author’s practice, if 3 or more levels require fusion and

the patient has low bone mineral density (osteopenia or osteo-

porosis), the fusion is extended to the sacrum and instrumenta-

tion placed in the ilium.

Conclusion

Rheumatoid involvement of the lumbar spine appears to be

more common than previously described. Symptoms resulting

from lumbar lesions are not negligible and can be substantial in

some patients with RA. In all patients with RA, lumbar lesions

should be examined in addition to the cervical spine and per-

ipheral joints. With regard to treatment, patients with RA

require special consideration when undergoing surgery due to

generally increased rates of complications, with some excep-

tions (laminotomy or laminectomy alone). The rates of revision

surgery, adjacent segment disease, and other complications

have been shown to be higher in those who underwent decom-

pressive surgery with fusion compared with those who under-

went decompressive surgery without fusion. However, in the

setting of instability and spinal deformity, a fusion may be

needed and thoughtful surgical planning is recommended.
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12. Sudoł-Szopińska I, Jans L, Teh J. Rheumatoid arthritis: what do

MRI and ultrasound show. J Ultrason. 2017;17:5-16.

13. Lee SH, Kang YM, Park YM. Multiple vertebral involvement of

rheumatoid arthritis in thoracolumbar spine: a case report. J Kor-

ean Med Sci. 2010;25:472-475.

14. Yamada K, Suzuki A, Takahashi S, et al. MRI evaluation of

lumbar endplate and facet erosion in rheumatoid arthritis. J Spinal

Disord Tech. 2014;27:E128-E135.

15. Moore RJ. The vertebral end-plate: what do we know? Eur

Spine J. 2000;9:92-96.

16. Heywood AW, Meyers OL. Rheumatoid arthritis of the thoracic

and lumbar spine. J Bone Joint Surg Br. 1986;68:362-368.

17. Mesfin A, El Dafrawy MH, Jain A, et al. Surgical outcomes of

long spinal fusions for scoliosis in adult patients with rheumatoid

arthritis. J Neurosurg Spine. 2015;22:367-373.

18. Bernstein DN, Kurucan E, Menga EN, Molinari RW, Rubery PT,

Mesfin A. Comparison of adult spinal deformity patients with and

without rheumatoid arthritis undergoing primary non-cervical

spinal fusion surgery: a nationwide analysis of 52,818 patients.

Spine J. 2018;18:1861-1866.

19. Hansen SM, Hetland ML, Pedersen J, Østergaard M, Rubak TS,

Bjorner JB. Work ability in rheumatoid arthritis patients: a regis-

ter study on the prospective risk of exclusion and probability of

returning to work. Rheumatology (Oxford). 2017;56:1135-1143.

20. Okano T, Inui K, Tada M, et al. High frequency of vertebral fracture

and low bone quality in patients with rheumatoid arthritis—results

from TOMORROW study. Mod Rheumatol. 2017;27:398-404.

21. Mitsuyama T, Kubota M, Yuzurihara M, et al. The pitfalls in

surgical management of lumbar canal stenosis associated with

rheumatoid arthritis. Neurol Med Chir (Tokyo). 2013;53:853-860.

22. Ochi T, Iwase R, Yonemasu K, et al. Natural course of joint

destruction and fluctuation of serum c1q levels in patients with

rheumatoid arthritis. Arthritis Rheum. 1988;31:37-43.

23. Yamada K, Suzuki A, Takahashi S, Yasuda H, Koike T, Naka-

mura H. Severe low back pain in patients with rheumatoid arthri-

tis is associated with Disease Activity Score but not with

radiological findings on plain X-rays. Mod Rheumatol. 2015;25:

56-61.

24. Koakutsu T, Morozumi N, Koizumi Y, Ishii Y. Lumbar radiculo-

pathy caused by foraminal stenosis in rheumatoid arthritis. Ups

J Med Sci. 2011;116:133-137.

25. Nakase T, Fujiwara K, Kohno J, et al. Pathological fracture of a

lumbar vertebra caused by rheumatoid arthritis—a case report. Int

Orthop. 1998;22:397-399.

26. Hirohashi N, Sakai T, Sairyo K, et al. Lumbar radiculopathy

caused by extradural rheumatoid nodules. Case report. J Neuro-

surg Spine. 2007;7:352-356.

27. Levy Y, Stalley P, Bleasel J. Thoracic spinal cord compression by

a rheumatoid nodule. Intern Med J. 2004;34:137-138.

28. Kraus E, Klinge H, Rautenberg M. Intradural manifestation of

rheumatoid arthritis causing spinal cord compression. Neurochir-

urgia (Stuttg). 1990;(33 suppl 1):56-57.

29. Kim SI, Kim YH, Lee JW, Kang WW, Ha KY. Rheumatoid

arthritis-associated spinal neuroarthropathy with double-level

isthmic spondylolisthesis. Eur Spine J. 2019;28:2145-2150. doi:

10.1007/s00586-017-5220-6

30. Meng J, Li Y, Yuan X, Lu Y. Evaluating osteoporotic fracture risk

with the Fracture Risk Assessment Tool in Chinese patients with

rheumatoid arthritis. Medicine (Baltimore). 2017;96:e6677.

31. Ursum J, Britsemmer K, van Schaardenburg D, Lips PTA, Dijk-

mans BA, Lems W. High prevalence of vertebral deformities in

elderly patients with early rheumatoid arthritis. Ann Rheum Dis.

2009;68:1512-1513.

32. Vosse D, Landewé R, van der Heijde D, van der Linden S, van

Staa TP, Geusens P. Ankylosing spondylitis and the risk of frac-

ture: results from a large primary care-based nested case-control

study. Ann Rheum Dis. 2009;68:1839-1842.

33. Arai K, Hanyu T, Sugitani H, et al. Risk factors for vertebral

fracture in menopausal or postmenopausal Japanese women with

rheumatoid arthritis: a cross-sectional and longitudinal study.

J Bone Miner Metab. 2006;24:118-124.

34. Ghazi M, Kolta S, Briot K, Fechtenbaum J, Paternotte S, Roux C.

Prevalence of vertebral fractures in patients with rheumatoid

arthritis: revisiting the role of glucocorticoids. Osteoporos Int.

2012;23:581-587.

35. Ørstavik RE, Haugeberg G, Uhlig T, et al. Incidence of vertebral

deformities in 255 female rheumatoid arthritis patients measured

by morphometric X-ray absorptiometry. Osteoporos Int. 2005;16:

35-42.

Joo et al 773



36. Sommer OJ, Kladosek A, Weiler V, Czembirek H, Boeck M,

Stiskal M. Rheumatoid arthritis: a practical guide to state-of-

the-art imaging, image interpretation, and clinical implications.

Radiographics. 2005;25:381-398.

37. Dixey J, Solymossy C, Young A; Early RA Study. Is it possible to

predict radiological damage in early rheumatoid arthritis (RA)? A

report on the occurrence, progression, and prognostic factors of

radiological erosions over the first 3 years in 866 patients from the

Early RA Study (ERAS). J Rheumatol Suppl. 2004;69:48-54.

38. Harzy T, Allali F, Bennani-Othmani M, Hajjaj-Hassouni N.

Atteinte radiologique du rachis lombaire au cours de la polyar-

thrite rhumatoı̈de. Presse Médicale. 2007;36:1385-1389.

39. Yamashita T, Minaki Y, Ozaktay AC, Cavanaugh JM, King AI. A

morphological study of the fibrous capsule of the human lumbar

facet joint. Spine (Phila Pa 1976). 1996;21:538-543.

40. Yasuda H, Suzuki A, Terai H, et al. Radiologic findings of the

lumbar spine in patients with rheumatoid arthritis: GP87. Spine

Journal Meeting Abstracts. https://journals.lww.com/spinejourna

labstracts/Fulltext/2011/10001/Radiologic_Findings_of_the_

Lumbar_Spine_in.84.aspx. Published October 2011. Accessed

December 26, 2018.

41. Helliwell PS, Zebouni LN, Porter G, Wright V. A clinical and

radiological study of back pain in rheumatoid arthritis. Br J Rheu-

matol. 1993;32:216-221.

42. Sugimura Y, Miyakoshi N, Miyamoto S, Kasukawa Y, Hongo M,

Shimada Y. Prevalence of and factors associated with lumbar

spondylolisthesis in patients with rheumatoid arthritis. Mod Rheu-

matol. 2016;26:342-346.

43. Lee HS, Lee JS, Shin JK, Goh TS. Correlations between sagittal

spinal balance and quality of life in rheumatoid arthritis. Clin

Spine Surg. 2017;30:E412-E417.

44. Boutry N, Morel M, Flipo RM, Demondion X, Cotten A. Early

rheumatoid arthritis: a review of MRI and sonographic findings.

AJR Am J Roentgenol. 2007;189:1502-1509.

45. Reijnierse M, Dijkmans BAC, Hansen B, et al. Neurologic dys-

function in patients with rheumatoid arthritis of the cervical spine.

Predictive value of clinical, radiographic and MR imaging para-

meters. Eur Radiol. 2001;11:467-473.

46. Rehart S, Pfister A, Kerschbaumer F. Alterations to the lumbar spine

in rheumatoid arthritis [in German]. Orthopade. 2007;36:735-738.

47. Inaoka M, Tada K, Yonenobu K. Problems of posterior lumbar

interbody fusion (PLIF) for the rheumatoid spondylitis of the

lumbar spine. Arch Orthop Trauma Surg. 2002;122:73-79.

48. Crawford CH 3rd, Carreon LY, Djurasovic M, Glassman SD.

Lumbar fusion outcomes in patients with rheumatoid arthritis.

Eur Spine J. 2008;17:822-825.

49. Herkowitz HN, Kurz LT. Degenerative lumbar spondylolisthesis

with spinal stenosis. A prospective study comparing decompres-

sion with decompression and intertransverse process arthrodesis.

J Bone Joint Surg Am. 1991;73:802-808.

50. Kang CN, Kim CW, Moon JK. The outcomes of instrumented

posterolateral lumbar fusion in patients with rheumatoid arthritis.

Bone Joint J. 2016;98-B:102-108.

51. Kawaji H, Miyamoto M, Gembun Y, Ito H. A case report of

rapidly progressing cauda equina symptoms due to rheumatoid

arthritis. J Nippon Med Sch. 2005;72:290-294.

52. Seki S, Hirano N, Matsushita I, et al. Lumbar spine surgery in

patients with rheumatoid arthritis (RA): what affects the out-

comes? Spine J. 2018;18:99-106.

53. Gulati A, Solberg T, Giannadakis C, et al. Surgery for lumbar

spinal stenosis in patients with rheumatoid arthritis: a multicenter

observational study. Eur J Rheumatol. 2016;3:56-60.

54. Makino T, Kaito T, Fujiwara H, Yonenobu K. Lumbar scoliosis in

rheumatoid arthritis: epidemiological research with a DXA

cohort. Spine (Phila Pa 1976). 2013;38:E339-E343.

55. Ohishi M, Miyahara H, Kondo M, et al. Characteristics of lumbar

scoliosis in patients with rheumatoid arthritis. J Orthop Surg.

2014;9:30.

56. Finckh A, Choi HK, Wolfe F. Progression of radiographic joint

damage in different eras: trends towards milder disease in rheu-

matoid arthritis are attributable to improved treatment. Ann

Rheum Dis. 2006;65:1192-1197.

57. Goodman SM, Figgie M. Lower extremity arthroplasty in patients

with inflammatory arthritis: preoperative and perioperative man-

agement. J Am Acad Orthop Surg. 2013;21:355-363.

58. Saleh KJ, Kurdi AJ, El-Othmani MM, et al. Perioperative treat-

ment of patients with rheumatoid arthritis. J Am Acad Orthop

Surg. 2015;23:e38-e48.
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