Instrumented posterolateral fusion - clinical and
functional outcome in elderly patients

Dorsal instrumentierte posterolaterale Spondylodese -
klinisch-funktionelles Ergebnis beim alteren Patienten

Abstract

Background: Data on the clinical outcome after spinal fusion in the Stefan Endres®
elderly patient are rare. Limitation of most studies were small population,
evaluation of the perioperative complication rate and the radiographic
assesment. Therefore the aim of the current study was to evaluate the
clinical outcome of patients older than 75 years who underwent a
spinal fusion procedure (instrumentation and posterolateral fusion) for
degenerative spinal stenosis with instability.

Methods: Elderly patients who underwent instrumented, posterolateral
fusion were evaluated with regard to functional outcome, fusion rates
and complications after a mean follow-up of 3.8 years. Questionnaires
were completed by the patients before surgery and at final follow-up.
Changes in mean visual analogue scale (VAS) and Owestry Disability
Index (ODI) scores (decrease from the baseline VAS and ODI scores)
were evaluated.

Results: The mean final follow-up for all subjects was 3.8 years. Of the
58 patients, 1 patient was deceased at the time of the follow-up, 1 pa-
tient did not want to participate and 56 patients completed the ques-
tionnaires. This resulted in an overall follow-up rate of 96%.

At final follow-up, the patients demonstrated significant improvement
in the VAS and ODI scores compared with the preoperative scores.
Conclusions: The results of this study shows that elderly patients aged
over 75 benefit from instrumented, posterolateral fusion. The study
suggests that there is no need to force an intervertebral fusion because
elderly patients do not seem to benefit from this procedure.
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Zusammenfassung

Einleitung: Aktuell gibt es nur wenige Studien, die sich mit dem Kklini-
schen Outcome nach Wirbelsaulenfusion beim alteren Menschen be-
fassen. Die meisten Studien befassen sich vor allem mit dem Kompli-
kationsspektrum nach erfolgter Fusionsoperation.

Ziel der vorliegenden Studie ist es, das klinische Ergebnis von alteren
Patienten (>75 Jahre) zu untersuchen, die sich einer instrumentierten
Wirbelsaulenoperation mit posterolateraler Fusion unterzogen hatten
und mit den Daten der aktuellen Literatur zu vergleichen.

Methodik: 58 Patienten (>75 Jahre), die im Zeitraum Januar 2005 bis
Juni 2008 operativ versorgt wurden, wurden im Rahmen dieser Studie
nachuntersucht. Indikation zur Operation war eine degenerativ, erwor-
bene Spinalstenose mit begleitender Instabilitat. Evaluiert wurden das
klinische Ergebnis (Owestry disability index (ODI) und Visuelle Analog-
skala (VAS): primares Studienziel), Fusionsraten und Komplikationen
nach einem mittleren Follow-up von 3,8 Jahren.

Ergebnisse: Von den insgesamt 58 Patienten konnten 56 Patienten in
der vorliegenden Studie ausgewertet wurden. 1 Patient war zwischen-
zeitlich verstorben, 1 weiterer Patient war nicht bereit an der Studie
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teilzunehmen. Die Follow-up-Rate entspricht somit 96%. Zum Zeitpunkt
des Follow-ups zeigten alle Patienten eine deutliche Verbesserung des
ODI und auch der subjektiven Schmerzeinschatzung auf der VAS im
Vergleich zur praoperativen Situation

Diskussion: Insgesamt zeigte sich, dass auch altere Patienten von einer
instrumentierten Wirbelsaulenoperation mit posterolateraler Fusion
profitieren. Im Vergleich zu den Ergebnissen der aktuellen Literatur
lasst sich vermuten, dass eine intervertebrale Fusion mit Cage-Implan-
tation nicht zwingend notwendig ist um ein zufriedenstellendes Opera-
tionsergebnis zu erzielen. Unter Berucksichtung des Komplikationsrisi-
kos kann aus Sicht der Autoren durchaus auf eine Cage-Implantation

beim alteren Patienten verzichtet werden.

Schliisselworter: posterolaterale Fusion, alterer Patient,
Instrumentierung, spinale Stenose, Instabilitat

Introduction

As the population ages, the number of spinal fusions in
the elderly patient is continuously increasing. But there
is a historic conflict concerning the safety and efficiency
of spinal surgery in the elderly [1], [2], [3].

Data on the clinical outcome after spinal fusion in the
elderly patient are rare. Limitation of most studies were
small population, evaluation of the perioperative compli-
cation rate and the radiographic assessment.

Therefore the aim of the current study was to evaluate
the clinical outcome of patients older than 75 years who
underwent a spinal fusion procedure (instrumentation
and posterolateral fusion) for degenerative spinal stenosis
with instability. We evaluated the functional outcome,
fusion rates and complications after a mean follow-up of
3.8 years.

Methods
Study design

58 patients older than 75 years who underwent spinal
fusion surgery in the period from January 2005 to June
2008 were evaluated after a mean follow-up of 3.8 years.
The surgery and follow-up was performed by the author
(S.E.). Preoperative diagnoses were degenerative spinal
stenosis with instability (Figure 1).

All patients underwent fusion with pedicle screws and
rod instrumentation (Tango RS, Fa. Ulrich, Germany) with
posterolateral fusion. The bone graft for posterolateral
fusion was a mix of Endobone® and autologous bone ob-
tained from the decompression procedure. Wide central
laminectomy, partial resection of the facet and a foramino-
tomy was performed in all patients.

Postoperative management included early mobilization
with bracing for 12 weeks on the first postoperative day.
The patient population received a lumbar fusion with
posterolateral fusion (male/female: 38/20, mean age:
80.5 years (range 73-88 years)). The average number
of fused levels was 1.8 (range 1-5). The review of anes-
thesia records for the patients showed that 7 patients

were of ASA (American Society of Anesthesiologists) class
I, 31 of ASA class Il and 20 were of ASA class Il (Table 1).

Table 1: Patient characteristics

Sex (male / female) 38/20
Age 80.5 (73-88)
Operation time 88 min

Blood loss 470 ml (320-580 ml)
red coll it 0.35 (0-2
ASA class | 7
ASA class Il 31
ASA class Il 20
Level of fusion (avg) 1.8 (1-5)

Outcome parameters

All patients who were still alive in July 2010 were given
the questionnaires including the Oswestry Disability Index
(ODI) [4] and a visual analogue scale (VAS) score to as-
sess their functional outcome and quality of life. Question-
naires were completed by the patients before surgery
and at final follow-up. Changes in mean VAS and ODI
scores (decrease from the baseline VAS and ODI scores)
were compared.

Fusion was assessed at final follow-up on plain antero-
posterior and lateral radiographs using the criteria sug-
gested by Christensen et al. [5].

Additional the time of surgery, the need of red cell trans-
fusions and the need of re-surgery were documented.

Ethical board statement

Ethical board approval of the University of Mlnster, Ger-
many for the current study was given by the ethical board
[AZ 2010-218-f-s].
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Figure 1: Exemplary preoperative X-ray of a degenerative spinal stenosis and instability. 75-year-old female patient with spinal
stenosis and instability L2 to L4. Walking distance of 30 m.

Statistical analysis

The data were analyzed using SPSS software (version
10.0; SPSS, Chicago, IL), and statistical analysis was
performed. The dichotomous variables were compared
using the Fisher exact and chi’ tests. The P-values were
based on the Student t-test for independent variables.
The threshold for statistical significance was established
at P<0.05.

Outcome assessment

The mean final follow-up for all subjects was 3.8 years.
Of the 58 patients, 1 patient was deceased at the time
of the follow-up, 1 patient did not want to participate and
56 patients completed the questionnaires. This resulted
in an overall follow-up rate of 96%.

At final follow-up, the patients demonstrated significant
improvements in VAS and ODI scores as compared to
preoperative scores.

The mean VAS score was 8.8 before surgery, and 5.2 at
final follow-up, showing 45% improvement (Figure 2). The
mean ODI score was 53.43 + 10.12 before surgery, and
39.01 £ 14.02 at follow-up, showing 27% improvement
(Figure 3).

Fusion rate was determined by plain radiographs evalu-
ated by the author (S.E.) and an independend radiologist.
46 of the 56 subjects demonstrated signs of posterolat-
eral fusion, 6 subjects were questionably fused, and 4
were defined as non-fused.

The average intraoperative blood loss was recorded as
a mean of 470 mL (range 320-580 mL). Length of stay
averaged 11.6 days (range 7-18). Average time of surgery

was 1 h 28 min. The need for transfusions (red cell units)
was on average 0.35 (range 0-2).

Discussion

The life expectancy of the population is increasing and is
up to the year 2050 for women 86.6 and for men is 81.1
years. The population share of very elderly (80 years and
older) is about 4% and will rise by 2050 to 12-13% [6].
Therefore it must be assumed that as a result of the in-
creasing proportion of the elderly population, the fre-
quency of symptomatic degenerative spinal stenosis with
concomitant instability will increase. The rate of lumbar
fusions to treat degenerative diseases has doubled in
the eighties and tripled in the 90s [7], [8], [9].

In the past, sometimes even today, the age was con-
sidered as contraindication for elective spinal surgery, so
that older patients were treated conservatively. However
that leads to physical pain and limitations in quality of
life [10], [14].

While still in the recent past, a surgical treatment of
symptomatic degenerative spinal stenosis with concom-
itant instability was seen as too risky [1], the demands
on the quality of life of affected patients steadily in-
creased, so the demand for adequate and lasting solu-
tions by the affected patients also proceeds and remains
not only a question of the technical opportunity.

Several surgical options are available depending on the
severity and the extent of spinal stenosis and instability.
The variety of the surgical procedures varies from
laminotomy or wide central laminectomy alone to an an-
terior release with posterior decompression and fusion
with instrumentation. The surgical risks and complications
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Visual analogue scale

B Posterolateral

Preop Postop

Figure 2: Course of VAS

Oswestry Disability Index

B Posterolateral

Preop Postop

Figure 3: Course of ODI

are higher because of advanced age, medical co-morbid- Wide central laminectomy alone is not recommended

ities, lower bone density, and more spinal stiffness. The because it can lead to further instability and progression

main objective of the surgical selection is to achieve the of the instability.

greatest benefit with the least complex intervention. In the present work the authors performed a wide central
laminectomy to decompress the neural structures and
an instrumented posterolateral fusion to stabilize the
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spine and evaluated the clinical outcome in these pa-
tients.

Reviewing the literature, there are many studies dealing
with the clinical outcome after spinal fusion surgery [12],
[13], [14].

But the literature reveals different opinions about when
fusion is indicated and how it should be done. Especially
the question how to treat degenerative spinal stenosis
with concomitant instability of the elderly and the question
of whether it is necessary to do an intervertebral fusion
by implanting a cage or a posterolateral fusion (deposition
of bone, bone substitutes) is sufficient remains controver-
sial.

The literature on complications after spinal surgery of
elderly patients varies from 8 to 80%, with the further
differentiation of the rate of minor complications that do
not lead to prolongation of hospital stay, usually account-
ing for more than half [2], [15], [16], [17], [18], [19], [20],
[21], [22].

The existing studies show that the assessment of success
after spinal fusion surgery in the geriatric patient has
been focused on the perioperative complication rate, with
little attention directed toward improvement in function,
quality of life, patient satisfaction, or improvement in
perceptions of pain and the need for medication.
Looking at the most recent literature a number of authors
have examined the role of pedicle screw fixation as an
adjunct to posterior lumbar fusion (PLF) following decom-
pression in the geriatric patient.

Okuda et al. were the first who assesed a large number
of elderly patients by health status questionnaires after
posterior lumbar interbody fusion. But they compared
patients with a mean age of 74 and patients with a mean
age of 59. They found no differences in the clinical and
functional outcome between both groups and stated that
it is a safe and accurate procedure for geriatric patients
[23].

Bridwell et al. performed a prospective study of 44 pa-
tients with claudication symptoms and stenosis due to
degenerative spondylolisthesis. They distinguished be-
tween decompression alone (Group |); decompression
and noninstrumented fusion (Group Il); and decompres-
sion and instrumented fusion (Group lll). Outcomes were
assessed using a satisfaction scale approximately 3 years
following surgery. The authors noted improved radiograph-
ic and functional outcomes among patients in Group Il
[24].

Fischgrund et al. performed a prospective clinical trial of
68 patients with spinal stenosis and instability who were
divided into one of two groups: decompression and PLF
and decompression and PLF supplemented with pedicle
screw fixation. Fusion rates were assessed by plain and
dynamic radiography, and clinical outcomes were as-
sessed using a VAS for pain as well as a patient satisfac-
tion scale. The patients treated with pedicle screw fixation
had a statistically significantly higher fusion rate (83%).
Both groups demonstrated significant score improve-
ments on the VAS for both back and leg pain and the
majority of patients reported their outcomes as good or

excellent. This paper provides evidence that pedicle screw
fixation improves fusion rates and that pedicle screw fix-
ation does not improve functional outcome following PLF
[25].

Andersen et al. reported that superior outcomes after
lumbar spinal fusion in elderly patients can be achieved
by use of instrumentation. But their aim of the study was
to compare instrumented and non-instrumented lumbar
spinal fusion performed using fresh frozen allograft in
patients older than 60 years with regard to functional
outcome and fusion rates. The outcome was better in
patients in which a solid fusion was obtained. However
instrumentation was associated with a larger number of
additional surgeries, which resulted in a lesser degree of
improvement [26].

Tokuhashi et al. evaluated the clinical outcome of elderly
patients who underwent posterior instrumentation and
posterolateral fusion over a mean follow-up of 8.2 years.
They found an overall fusion rate of 91%. No major com-
plications or perioperative death was observed and they
concluded that the procedure was useful for maintaining
the grade of independence for activities of daily living, at
least in selected geriatric patients [27].

Using the ODI and VAS, we found a significant improve-
ment in life after a mean follow-up of 3.8 years. With re-
gard to complications, including intraoperative blood loss,
need for transfusion of red cell units and surgical time,
there was a difference to the recent literature showing a
possible superiority for the posterolateral fusion in com-
parison to intervertebral fusion techniques.

But for posterolateral fusion techniques sometimes it is
challenging to achieve an adequate improvement in
sagittal spinal balance of the lumbar spine. This might
influence the clinical outcome over time and might be
the cause for persistent low back pain after surgery in
degenerative lumbar spine disease.

Even if several investigators have stressed the importance
of maintaining sagittal balance to avoid lumbar “flat
back”, accelerated adjacent segment degeneration, pain,
and inferior functional outcome only limited evidence
exists on how sagittal alignment affects clinical outcome.
The use of intervertebral fusion as well as devices with
adequate restoration of sagittal spinal balance must not
have an effect on clinical outcome [28], [29].
Explanation for this phenomenon is that in addition to
sagittal balance, clinical outcomes of instrumented
lumbar fusion in patients with degenerative lumbar spine
disease are influenced by a variety of pathophysiologic
factors, including residual compression of the neural tis-
sues, recurrence of spinal canal stenosis, irreversible
changes to the nerve root, or cauda equina.

The present study has some limitations. The duration of
the follow-up was relatively short. The long-term results
of this surgical procedure are needed. The second issue
is that the fusion rate in the present study could only be
evaluated indirectly as conventional X-ray was used for
follow-up. Owing to ethical issues concerning high radi-
ation, CT scans were not performed. In addition, clinical
outcome should be considered as the most relevant cri-
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terion for success of the procedure. Moreover, it was
demonstrated by Pfeiffer et al. that there is a weak cor-
relation between intervertebral fusion and the clinical
symptoms of the patient [30].

Nevertheless, no broken screws or rods were found in
the present study. It might indicate that good stability of
the spine was achieved.

Conclusion

The results of this study show that elderly patients over
75 benefit from instrumented lumbar posterolateral fu-
sion. With regard to clinical and functional outcomes, a
posterolateral fusion seems to be sufficient. Additionally,
the intraoperative blood loss, need for transfusions and
surgical time are reduced for elderly patients receiving
posterolateral fusion.

Notes

Competing interests

The author declares that he has no competing interests.

Funding

Disclosure of funding received for this work: none.

References

1. Carreon LY, Puno RM, Dimar JR 2nd, Glassman SD, Johnson JR.
Perioperative complications of posterior lumbar decompression
and arthrodesis in older adults. J Bone Joint Surg Am. 2003;85-
A(11):2089-92.

2. Raffo CS, Lauerman WC. Predicting morbidity and mortality of
lumbar spine arthrodesis in patients in their ninth decade. Spine.
2006;31(1):99-103.DOI:
10.1097/01.brs.0000192678.25586.e5

3. Kilinger C, Steinmetz MP, Sohn MJ, Benzel EC, Bingaman W.
Effects of age on the perioperative characteristics and short-term
outcome of posterior lumbar fusion surgery. J Neurosurg Spine.
2005;3(1):34-9.

4. Mannion AF, Junge A, Fairbank JC, Dvorak J, Grob D. Development
of a German version of the Oswestry Disability Index. Part 1:
cross-cultural adaptation, reliability, and validity. Eur Spine J.
2006;15(1):55-65. DOI: 10.1007/s00586-004-0815-0

5. Christensen FB, Laursen M, Gelineck J, Eiskjaer SP, Thomsen K,
Blinger CE. Interobserver and intraobserver agreement of
radiograph interpretation with and without pedicle screw
implants: the need for a detailed classification system in
posterolateral spinal fusion. Spine. 2001;26(5):538-44. DOI:
10.1097/00007632-200103010-00018

6. Bundesinstitut fir Bevolkerungsforschung, ed. Bevdlkerung.
Fakten -Trends - Ursachen - Erwartungen. Die wichtigsten Fragen.
2. Aufl. Wiesbaden: BiB; 2004. (Schriftenreihe des
Bundesinstituts fliir Bevolkerungsforschung; Sonderheft).
Available from: http://www.bib-demografie.de/nn_750530/
SharedDocs/Publikationen/DE/Download/Broschueren/bev2_
_2004.html

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ciol MA, Deyo RA, Howell E, Kreif S. An assessment of surgery
for spinal stenosis: time trends, geographic variations,
complications, and reoperations. J Am Geriatr Soc.
1996;44(3):285-90.

Deyo RA, Mirza SK. Trends and variations in the use of spine
surgery. Clin Orthop Relat Res. 2006;443:139-46. DOI:
10.1097/01.bl0.0000198726.62514.75

Katz JN. Lumbar spinal fusion. Surgical rates, costs, and
complications. Spine. 1995;20(24 Suppl):78S-83S.

Bellach BM, Ellert U, Radoschewski M. Epidemiologie des
Schmerzes - Ergebnisse des Bundes-Gesundheitssurveys 1998.
Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2000;43(6):424-31. DOI:
10.1007/s001030070048

Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB.
Lower-extremity function in persons over the age of 70 years as
a predictor of subsequent disability. N Engl J Med.

1995;332(9):556-61. DOI: 10.1056/NEJM199503023320902

Christensen FB. Lumbar spinal fusion. Outcome in relation to
surgical methods, choice of implant and postoperative
rehabilitation. Acta Orthop Scand Suppl. 2004;75(313):2-43.

Kim KT, Lee SH, Lee YH, Bae SC, Suk KS. Clinical outcomes of
3 fusion methods through the posterior approach in the lumbar
spine. Spine. 2006;31(12):1351-8. DOI:
10.1097/01.brs.0000218635.14571.55

Madan SS, Harley JM, Boeree NR. Circumferential and
posterolateral fusion for lumbar disc disease. Clin Orthop Relat
Res. 2003;(409):114-23. DOI:
10.1097/01.b10.0000059581.08469.77

Aebi M. The adult scoliosis. Eur Spine J. 2005;14(10):925-48.
DOI: 10.1007/s00586-005-1053-9

Daubs MD, Lenke LG, Cheh G, Stobbs G, Bridwell KH. Adult spinal
deformity surgery: complications and outcomes in patients over
age 60. Spine. 2007;32(20):2238-44. DOI:
10.1097/BRS.0b013e31814cf24a

Deyo RA, Cherkin DC, Loeser JD, Bigos SJ, Ciol MA. Morbidity and
mortality in association with operations on the lumbar spine. The
influence of age, diagnosis, and procedure. J Bone Joint Surg
Am. 1992;74(4):536-43.

Gepstein R, Shabat S, Arinzon ZH, Berner Y, Catz A, Folman Y.
Does obesity affect the results of lumbar decompressive spinal
surgery in the elderly? Clin Orthop Relat Res. 2004;(426):138-
44, DOI: 10.1097/01.bl0.0000141901.23322.98

Ragab AA, Fye MA, Bohiman HH. Surgery of the lumbar spine for
spinal stenosis in 118 patients 70 years of age or older. Spine.
2003;28(4):348-53. DOI: 10.1097/00007632-200302150-
00007

Rosen DS, O'Toole JE, Eichholz KM, Hrubes M, Huo D, Sandhu
FA, Fessler RG. Minimally invasive lumbar spinal decompression
in the elderly: outcomes of 50 patients aged 75 years and older.
Neurosurgery. 2007;60(3):503-10.

Sanderson PL, Wood PL. Surgery for lumbar spinal stenosis in
old people. J Bone Joint Surg Br. 1993;75(3):393-7.

Shabat S, Arinzon Z, Folman Y, Leitner J, David R, Pevzner E,
Gepstein R, Pekarsky I, Shuval I. Long-term outcome of
decompressive surgery for lumbar spinal stenosis in
octogenarians. Eur Spine J. 2008;17(2):193-8. DOI:
10.1007/s00586-007-0514-8

Okuda S, Oda T, Miyauchi A, Haku T, Yamamoto T, Iwasaki M.
Surgical outcomes of posterior lumbar interbody fusion in elderly
patients. J Bone Joint Surg Am. 2006;88(12):2714-20. DOI:
10.2106/JBJS.F.00186

grs

GMS German Medical Science 2011, Vol. 9, ISSN 1612-3174 6/7


http://www.bib-demografie.de/nn_750530/SharedDocs/Publikationen/DE/Download/Broschueren/bev2__2004.html
http://www.bib-demografie.de/nn_750530/SharedDocs/Publikationen/DE/Download/Broschueren/bev2__2004.html
http://www.bib-demografie.de/nn_750530/SharedDocs/Publikationen/DE/Download/Broschueren/bev2__2004.html

Endres: Instrumented posterolateral fusion - clinical and ...

24.

25.

26.

27.

28.

29.

30.

Bridwell KH, Sedgewick TA, O'Brien MF, Lenke LG, Baldus C. The
role of fusion and instrumentation in the treatment of
degenerative spondylolisthesis with spinal stenosis. J Spinal
Disord. 1993;6(6):461-72. DOI: 10.1097/00002517-
199306060-00001

Fischgrund JS, Mackay M, Herkowitz HN, Brower R, Montgomery
DM, Kurz LT. 1997 Volvo Award winner in clinical studies.
Degenerative lumbar spondylolisthesis with spinal stenosis: a
prospective, randomized study comparing decompressive
laminectomy and arthrodesis with and without spinal
instrumentation. Spine. 1997;22(24):2807-12.

Andersen T, Christensen FB, Niedermann B, Helmig P, Hay K,
Hansen ES, Bunger C. Impact of instrumentation in lumbar spinal
fusion in elderly patients: 71 patients followed for 2-7 years. Acta
Orthop. 2009;80(4):445-50. DOI:
10.3109/17453670903170505

Tokuhashi Y, Ajiro Y, Umezawa N. Outcomes of posterior fusion
using pedicle screw fixation in patients >or=70 years with lumbar
spinal canal stenosis. Orthopedics. 2008;31(11):1096.

Videbaek TS, Blinger CE, Henriksen M, Neils E, Christensen FB.
Sagittal spinal balance after lumbar spinal fusion: the impact of
anterior column support results from a randomized clinical trial
with an eight- to thirteen-year radiographic follow-up. Spine.
2011;36(3):183-91. DOI: 10.1097/BRS.0b013e3181cc8fce

Korovessis P, Repantis T, Papazisis Z, lliopoulos P. Effect of
sagittal spinal balance, levels of posterior instrumentation, and
length of follow-up on low back pain in patients undergoing
posterior decompression and instrumented fusion for
degenerative lumbar spine disease: a multifactorial analysis.
Spine. 2010;35(8):898-905.

Pfeiffer M, Griss P, Haake M, Kienapfel H, Billion M. Standardized
evaluation of long-term results after anterior lumbar interbody
fusion. Eur Spine J. 1996;5(5):299-307. DOI:
10.1007/BF00304344

Corresponding author:

Stefan Endres, MD

Department of Orthopaedic Surgery, Elisabeth-Klinik
Bigge/Olsberg, Heinrich-Sommer-Str. 4, 59939 Olsberg,
Germany, Phone: 0049 2962 803 421, Fax: 0049 2962
803 199

s.endres@elisabeth-klinik.de

Please cite as

Endres S. Instrumented posterolateral fusion - clinical and functional
outcome in elderly patients. GMS Ger Med Sci. 2011;9:Doc09.

DOI: 10.3205/000132, URN: urn:nbn:de:0183-0001320

This article is freely available from
http://www.egms.de/en/journals/gms/2011-9/000132.shtml

Received: 2011-01-16
Revised: 2011-03-30
Published: 2011-04-06

Copyright

©2011 Endres. This is an Open Access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en). You
are free: to Share — to copy, distribute and transmit the work, provided
the original author and source are credited.

grs

GMS German Medical Science 2011, Vol. 9, ISSN 1612-3174 /7



