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PSEUDARTHROSIS AND bONE FUSION 

IN LUMbAR STENOSIS 
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AbSTRACT

Objective: Prospective-comparative study between pseudar-
throsis and bone fusion in lumbar stenosis Methods: 38 pa-
tients operated on for lumbar spinal stenosis and submitted to 
arthrodesis were evaluated by the Visual Analogue Scale (VAS) 
and Roland Morris Disability Questionnaire. Radiographs were 
requested to evaluate spinal fusion. Results: An effective im-
provement was observed between the preoperative period and 
one year after the operation, in relation to VAS, both in the group 

that received a bone fusion and in the group with pseudarthro-
sis. With regard to the Roland Morris questionnaire, there was a 
tendency towards an improvement in the bone fusion group and 
a significant improvement in the pseudarthrosis group. Conclu-
sion: There was no difference between the groups (bone fusion 
and pseudarthrosis) in relation to pain and disability. . Level of 
Evidence: Level II, longitudinal prospective study.
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INTRODUCTION

Lumbar spinal stenosis (LSS) was described in 1954 by Verbiest, 
and was defined as a narrowing of the vertebral canal, lateral 
recess, or the neural foramina due to progressive degenerative 
hypertrophy of any surrounding osteocartilaginous and ligament 
structure, which may result in neurological or vascular compres-
sion at one or more levels.

1
 This disorder is a consequence of 

advanced degenerative alterations such as: hypertrophy of the 
facet joints, bulging disc (herniated disc), ligamentum flavum 
hypertrophy, osteophyte formations, degenerative spondylolis-
thesis or a combination of these.

2
 

Lumbar canal narrowing is a painful and potentially incapaci-
tating condition frequently affecting the elderly population that 
today exhibits a significant increase of growth in our field.

3
 It is 

a very significant cause of low back pain and is the main indica-
tion for lumbar spine surgery in patients over 65 years of age in 
the United States.

4,5
 The neurogenic claudication provoked by 

this entity is the main cause of mobility impairment and loss of 
independence among senior citizens.

6

In symptomatic patients, LSS has four different presentations, 
called characteristic syndromes: classical neurogenic claudi-
cation, radiculopathy, axial low back pain and nonradicular re-

ferred pain.
7,8

 However, most of these patients have symptoms 
that prevent an exact definition of their presentation. The diag-
nosis is based on medical history, physical examination, spinal 
radiographies, computed tomography, magnetic resonance 
and electrophysiological studies. The sensitivity and specificity 
of Magnetic Resonance Imaging in the investigation of patients 
with lumbar stenosis, make it superior to the other imaging 
exams such as myelography and computed tomography.

7
 

Conservative treatment presents a progressive improvement 
in 15 to 43% of patients during one to five years of follow-up,

9
 

while surgical treatment is aimed at decompressing the roots 
and, as needed, stabilizing the stenosed area.
Lumbar spinal fusion is indicated in the presence of preopera-
tive instability or when large decompression is necessary.

10,11
 A 

century has passed since the first fusion with autologous graft 
performed by Albee,

12
 in 1911, with the association of pedicular 

screw fixation and bone graft, leading to an increase in the rates 
of bone consolidation in lumbar fusions.

13
 Although several 

lumbar fusion techniques have been described, posterolateral 
grafting is most widely accepted.

14
 

Literature reports a variance from 40% to 98% in the percentage 
of bone fusion in surgeries aimed at arthrodesis in association 
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Figure 1. A. Evidence of bilateral bone fusion B. Demonstrates discontinuity 
of unilateral bone bridge C. Demonstrates lack of bilateral bone fusion.
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with surgical decompression.
15-18

 The benefits of arthrodesis in 
patients with lumbar stenosis are also controversial, due to the 
fact that many of these patients have a reduction of physiological 
spinal mobility caused by the degenerative alterations of age. 
The objective of this study was to verify whether there is any 
difference during follow-up among patients operated for lumbar 
stenosis that evolved with bone fusion or pseudarthrosis.

MATERIAL AND METHODS

Thirty-eight patients with established diagnosis of LSS were 
evaluated prospectively using tomography and lumbar magne-
tic resonance exams. Initially, they were all treated clinically with 
oral analgesics, anti-inflammatory drugs and physiotherapy for a 
minimum period of six months without success. 
As regards gender, there were 17 men (44.74%) and 21 women 
(55.26%). The mean age at the time of surgery was 72 years, 
ranging from 62 to 85 years. The quantity of fixation levels with 
pedicular screws and posterolateral autologous graft ranged from 
one to five, with 2.47 levels per patient on average. 
The surgical indication and the fusion levels were established 
by the clinical findings and consistent with the imaging exams: 
computed tomography, lumbar magnetic resonance and neu-
rophysiological evaluations (ENMG). The criteria evaluated by 
the radiographies in the sagittal plane in flexion and maximum 
extension, used for fusion, were: presence of instability of the 
lumbar segments, when there was angulation above 5 degrees or 
translation above 3 millimeters between the vertebral segments. 
We also defined instability as the removal of more than 50% of the 
bilateral articular facet during surgery after extensive laminectomy.    
All the patients had surgery for the treatment of lumbar stenosis 
through a posterior approach with laminectomy for decompres-
sion of the canal and vertebral foramina, associating pedicular 
screw fixation and posterolateral autologous grafting. 
The patients were authorized to walk on the third postoperative 
day; we did not use any type of immobilization. The patients were 
asked to observe relative limitation of daily activities for three 
months, during which time the rehabilitation therapies were used 
more intensively.
For pain evaluation we used the visual analogue scale (VAS) with 
variation from 0 to 10 in intensity.

19
 In the evaluation of physical 

disability and pain, we also applied the Rolland Morris disabil-
ity questionnaire.

20
 These questionnaires were applied in the 

preoperative phase and during the postoperative follow-up at 1 
month, 6 months, 1 year and afterwards annually, always by the 
same professional from the Spinal Column Group of Faculdade 
de Medicine do ABC.
Radiographies were performed annually after surgery to evalu-
ate signs of posterolateral lumbar fusion. It was defined as 
posterolateral fusion when the radiography, in the coronal plane, 
demonstrated bilateral continuity of bone mass between the ce-
phalic and caudal transverse process and, in the radiographies 
of flexion and extension in the sagittal plane, demonstrated 
the non-occurrence of translation between the vertebrae and 
angulation below 2 millimeters, measured between the adjacent 
vertebral plateaus at the level of the posterolateral fusion. Fu-
sion failure was established in the radiography when there was 

bone mass discontinuity at any point between the transverse 
processes on one or both sides, angulation above 2 degrees 
and any presence of vertebral translation.

21
 (Figure 1)   

We adopted the significance level of 5% (0.050), for the ap-
plication of the statistical tests and used version 17.0 of the 
Statistical Package for Social Sciences (SPSS) program to 
obtain the results.

RESULTS

A year after the surgery, 25 patients (65.79%) obtained 
posterolateral lumbar fusion and 13 patients (34.21%) evolved 
with pseudarthrosis, according to the criteria described 
previously. The results remained the same two years after 
surgery, that is, the same patients continued with pseudarthrosis 
and lumbar arthrodesis. Despite the difference in N between 
the groups of patients with pseudarthrosis and lumbar 
arthrodesis, there is homogeneity in relation to the parameters 
age and gender; in other words, both are statistically equivalent 
(p>0.05). The group of patients with pseudarthrosis presents 
mean age of 72.38 years, while the mean age in the group of 
patients with arthrodesis is 71.72 years. As regards gender, the 
pseudarthrosis group is made up of 69% female and 31% male 
patients, while the arthrodesis group contains 64% female and 
36% male patients. 
Fisher’s exact test showed that there is a similar proportion 
in the outcome of the Rolland Morris and VAS questionnaires 
both in the patients that achieved bone fusion and in those 
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Figure 2. Comparison between the percentage of patients from the arthrodesis 
and pseudarthrosis groups in relation to the improvement evaluated by the 
VAS and Rolland Morris (RM) questionnaires from 1 to 2 years after surgery.
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that evolved with pseudarthrosis in the evaluation at one and 
two years. (Figure 2)
When we applied the Friedman test, it was demonstrated that, in 
relation to the observation time on the three analysis occasions, 
there was a statistically significant difference within the group 
of patients that evolved with pseudarthrosis and bone fusion in 
comparison with the preoperative period. (Figure 3)

DISCUSSION

LSS is a chronic disorder that affects patients with associated 
pathologies that contribute to limitations in daily life activities and 
produce pain. Patients with LSS become symptomatic and are 
submitted to decompression around the fifth and sixth decade 
of life.

7
 In our analysis, the mean age was 72 years.

7
 Although 

literature demonstrates the predominance of the male gender,
22

 
in our study women predominated by approximately 56%.
In this study there was a lumbar fusion rate of 65.79% accord-
ing to the radiographic criterion of Kornblum et al for lumbar 
arthrodesis evaluation.

21
 In their revision article, Bono and Lee

23
 

reported a variation in the lumbar fusion rate between 40% and 

89% in the various publications. It is difficult to evaluate lumbar 
fusion due to the lack of trustworthy methods. The solid fusion 
state can only be assessed by surgical exploration and direct 
inspection of the solid mass, yet this method is impracticable 
in clinical practice.

24
 

If we use surgical exploration, the consolidation rate is 86% 
when both sides have undergone arthrodesis in the computed 
tomography.

25
 Although radiographies are not the best method 

to evaluate lumbar fusion, they are used often as a low cost 
method of considerable practicality.

26
 

In this study, when we compared the pain and disability fac-
tor, we obtained a similar result in the patients that evolved 
with solid fusion and with pseudarthrosis. Herkowitz and Kurz 
reported a rate of 36% of pseudarthrosis and 64% that ob-
tained bone fusion in their series, with no difference in relation 
to quality of life after three years of follow-up,

27
 a result similar 

to that obtained in our series. Fishgrund et al.
28 also published 

a prospective randomized study with follow-up of two years in 
which they did not demonstrate any difference comparing de-
compression with and without posterolateral arthrodesis either. 
Komblum et al.

21
, in a long follow-up study (average of 7.7 

years) demonstrated that patients evolving with pseudarthrosis 
presented deterioration of the clinical result compared with pa-
tients evolving with solid fusion, showing that solid fusion is an 
important factor that influences the surgical result on the long 
term. This study leads us to question whether, with a longer 
follow-up, the result of clinical improvement will continue at the 
same level presented in the cases with fusion failure, or whether 
there will be clinical deterioration in this group. 
Our results demonstrated that there is effective improvement 
between the preoperative moment and the moment that occurs 
after one year of follow-up in relation to the VAS, both in the 
arthrodesis group and in the pseudarthrosis group. In rela-
tion to the Rolland Morris questionnaire, there is a tendency 
to observe an improvement in the arthrodesis group, and an 
effective improvement in the pseudarthrosis group. Therefore, 
both the patients that evolved with pseudarthrosis, and those 
with solid fusion, exhibited an improvement in relation to pain 
and disability.
It was not possible to define whether spinal column fixation is 
necessary and sufficient for clinical improvement or whether de-
compression alone would present the same results, since all the 
patients evaluated had undergone fixation, and the group that 
evolved with pseudarthrosis obtained the same results as those 
that obtained bone fusion. Neither were we able to define whether 
pedicular fixation alone can cause local ankylosis in these pa-
tients, whereas posterolateral arthrodesis is not necessary for 
clinical improvement during follow-up in this group of patients 
with mean age of 70 years. What demonstrates our work is that 
posterolateral bone fusion is not a factor directly related to the 
improvement of pain and disability in patients over 70 years of 
age with lumbar canal stenosis.

CONCLUSION

There was no difference between the results related to pain and 
disability among the patients submitted to decompression and 
fixation with pedicular screws and posterolateral autologous 
graft that evolved with solid fusion and pseudarthrosis.

Figure 3. Demonstration of the patients with arthrodesis and pseudarthrosis 
in relation to the VAS and Rolland Morris (RM) questionnaires at the 
preoperative moments, 1 year and 2 years after surgery. 

25

20

15

10

 5

 0

Arthrodesis

M
ea

n 
sc

or
es

 in
 th

e 
qu

es
tio

nn
ai

re
s

Pseudarthrosis

VAS RM

Pre Pre1 year 1 year2 years 2 years

*p<=0,5; ** P<0.001



162

REFERENCES

Acta Ortop Bras. 2011;19(3): 159-62

1. Sirvanci M, Bhatia M, Ganiyusufoglu KA, Duran C, Tezer M, Ozturk C et al. 
Degenerative lumbar spinal stenosis: correlation with Oswestry Disability Index 
and MR imaging. Eur Spine J. 2008;17:679-85. 

2. Zouboulis P, Karageorgos A, Dimakopoulos P, Tyllianakis M, Matzaroglou 
C, Lambiris E. Functional outcome of surgical treatment for multilevel lumbar 
spinal stenosis. Acta  Orthop. 2006;77:670-6. 

3. Arbit E, Pannullo S. Lumbar stenosis: a clinical review. Clin Orthop Relat Res. 
2001;(384):137-43. 

4. Taylor VM, Deyo RA, Cherkin DC, Kreuter W. Low back pain hospitalization. 
Recent United States trends and regional variations. Spine (Phila Pa 1976). 
1994;19:1207-12.

5. Fu YS, Zeng BF, Xu JG. Long-term outcomes of two different decompressive 
techniques for lumbar spinal stenosis. Spine (Phila Pa 1976). 2008;33(5):514-8. 

6. Weiner DK. Office management of chronic pain in the elderly. Am J Med. 
2007;120:306-15. 

7. Atlas SJ, Delitto A. Spinal stenosis: surgical versus nonsurgical treatment. Clin 
Orthop Relat Res. 2006;443:198-207. 

8. Szpalski M, Gunzburg R. Lumbar spinal stenosis in the elderly: an overview. 
Eur Spine J. 2003;12(Suppl2):S170-5. 

9. Simotas AC. Nonoperative treatment for lumbar spinal stenosis. Clin Orthop 
Relat Res. 2001;(384):153-61. 

10. Polly DW Jr, Santos ER, Mehbod AA. Surgical treatment for the painful motion  
segment: matching technology with the indications: posterior lumbar fusion. 
Spine (Phila Pa 1976). 2005;30(16 Suppl):S44-51. 

11. Ware JE, Kosinski M, Keller SK . SF-36 physical and mental health  summaries 
scales: a user’s manual. Boston: The Health Institute; 1994.

12. Albee FH. Transplantation of a portion of the tibia into the spine for Pott’s 
disease: a preliminary report 1911. Clin Orthop Relat Res. 2007;460:14-6.

13. Okuda S, Oda T, Miyauchi A, Haku T, Yamamoto T, Iwasaki M. Surgical out-
comes of posterior lumbar interbody fusion in elderly patients. Surgical tech-
nique. J Bone Joint Surg Am. 2007;89 (Suppl 2 Pt.2):310-20. 

14. Tajima N, Chosa E, Watanabe S. Posterolateral lumbar fusion. J Orthop Sci. 
2004;9:327-33. 

15. Dawson EG, Lotysch M 3rd, Urist MR. Intertransverse process lumbar ar-
throdesis with autogenous bone graft. Clin Orthop Relat Res. 1981;(154):90-6. 

16. Dimar JR, Glassman SD, Burkus KJ, Carreon LY. Clinical outcomes and fu-
sion success at 2 years of single-level instrumented posterolateral fusions 
with recombinant human bone morphogenetic protein-2/compression resistant 
matrix versus iliac crest bone graft. Spine (Phila Pa 1976). 2006;31:2534-9.

17. Neen D, Noyes D, Shaw M, Gwilym S, Fairlie N, Birch N. Healos and bone mar-
row aspirate used for lumbar spine fusion: a case controlled study comparing 
healos with autograft. Spine (Phila Pa 1976). 2006;31:E636-40. 

18. Vaccaro AR, Anderson DG, Patel T, Fischgrund J, Truumees E, Herkowitz HN et 
al. Comparison of OP-1 Putty (rhBMP-7) to iliac crest autograft for posterolateral 
lumbar arthrodesis: a minimum 2-year follow-up pilot study. Spine (Phila Pa 
1976). 2005;30:2709-16. 

19. Collins SL, Moore RA, McQuay HJ. The visual analogue pain intensity scale: 
what is moderate pain in millimetres? Pain. 1997;72:95-7. 

20. Roland M, Morris R. A study of the natural history of low-back pain. Part II: 
development of guidelines for trials of treatment in primary care. Spine (Phila 
Pa 1976). 1983;8:145-50. 

21. Kornblum MB, Fischgrund JS, Herkowitz HN, Abraham DA, Berkower DL, 
Ditkoff JS. Degenerative lumbar spondylolisthesis with spinal stenosis: a pro-
spective long-term study comparing fusion and pseudarthrosis. Spine (Phila 
Pa 1976). 2004;29:726-33. 

22. Katz JN, Dalgas M, Stucki G, Lipson SJ. Diagnosis of lumbar spinal stenosis. 
Rheum Dis Clin North Am. 1994;20:471-83. 

23. Bono CM, Lee CK. Critical analysis of trends in fusion for degenerative disc 
disease over the past 20 years: influence of technique on fusion rate and 
clinical outcome. Spine (Phila Pa 1976). 200415;29455-63

24. Tsutsumimoto T, Shimogata M, Yoshimura Y, Misawa H. Union versus nonunion 
after posterolateral lumbar fusion: a comparison of long-term surgical out-
comes in patients with degenerative lumbar spondylolisthesis. Eur Spine J. 
2008;17:1107-12. 

25. Carreon LY, Glassman SD, Djurasovic M. Reliability and agreement between 
fine-cut CT scans and plain radiography in the evaluation of posterolateral 
fusions. Spine J. 2007;7:39-43. 

26. Kant AP, Daum WJ, Dean SM, Uchida T. Evaluation of lumbar spine fusion. 
Plain radiographs versus direct surgical exploration and observation. Spine 
(Phila Pa 1976). 1995;20:2313-7. 

27. Herkowitz HN, Kurz LT. Degenerative lumbar spondylolisthesis with spinal 
stenosis. A prospective study comparing decompression with decompression 
and intertransverse process arthrodesis. J Bone Joint Surg Am. 1991;73:802-8. 

28. Fischgrund JS, Mackay M, Herkowitz HN, Brower R, Montgomery DM, Kurz 
LT. 1997 Volvo Award winner in clinical studies. Degenerative lumbar spon-
dylolisthesis with spinal stenosis: a prospective, randomized study comparing 
decompressive laminectomy and arthrodesis with and without spinal instru-
mentation. Spine (Phila Pa 1976). 1997;22:2807-12.




