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Abstract

Background Decision-making regarding nonoperative
versus operative treatment of patients with thoracolumbar
burst fractures in the absence of neurologic deficits is
controversial. Lack of evidence-based practice may result
in patients being treated inappropriately and being exposed
to unnecessary adverse consequences.

Purpose Using meta-analysis, we therefore compared
pain (VAS) and function (Roland Morris Disability Ques-
tionnaire) in patients with thoracolumbar burst fractures
without neurologic deficit treated nonoperatively and
operatively. Secondary outcomes included return to work,
radiographic progression of kyphosis, radiographic pro-
gression of spinal canal stenosis, complications, cost, and
length of hospitalization.

Methods We searched MEDLINE, EMBASE"™, and the
Cochrane Central Register of Controlled Trials for
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‘thoracic fractures’, ‘lumbar fractures’, ‘non-operative’,
‘operative’ and ‘controlled clinical trials’. We established
five criteria for inclusion. Data extraction and quality
assessment were in accordance with Cochrane Collabora-
tion guidelines. The main analyses were performed on
individual patient data from randomized controlled trials.
Sensitivity analyses were performed on VAS pain, Roland
Morris Disability Questionnaire score, kyphosis, and return
to work, including data from nonrandomized controlled
trials and using fixed effects meta-analysis. We identified
four trials, including two randomized controlled trials
consisting of 79 patients (41 with operative treatment and
38 with nonoperative treatment). The mean followups
ranged from 24 to 118 months.

Results We found no between-group differences in
baseline pain, kyphosis, and Roland Morris Disability
Questionnaire scores. At last followup, there were no
between-group differences in pain, Roland Morris Dis-
ability Questionnaire scores, and return to work rates. We
found an improvement in kyphosis ranging from means of
12.8° to 11° in the operative group, but surgery was asso-
ciated with higher complication rates and costs.
Conclusions Operative management of thoracolumbar
burst fractures without neurologic deficit may improve
residual kyphosis, but does not appear to improve pain or
function at an average of 4 years after injury and is asso-
ciated with higher complication rates and costs.

Level of Evidence Level 11, therapeutic study. See the
Guidelines for Authors for a complete description of level
of evidence.

Introduction

The majority of spinal fractures occur in the thoracolumbar
region (T10-L3) presumably as a result of transition from
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the relatively immobile thoracic spine to the mobile lumbar
spine. Spinal fractures include compression, burst, flexion-
distraction, and fracture-dislocation injuries, with burst
fractures accounting for 10% to 20% [22, 27, 29]. The
mechanism of injury is usually a fall from a height or a
motor vehicle accident, occurring in 34% to 59% and 25%
to 43% of cases, respectively [47, 50]. Burst fractures are
characterized by failure of the middle and anterior spinal
columns secondary to axial compression [20, 36]. Patients
with such fractures may be treated with either nonoperative
or operative modalities. Nonoperative treatment may
include the use of a brace, cast, bed rest, and analgesics [7,
11, 12, 14, 34, 46, 47]. Operative treatment usually
involves instrumented intervertebral fusion, with or with-
out spinal decompression. The three major surgical
approaches for stabilization are posterior, anterior, or
combined AP [26, 35, 37, 40, 49, 53].

Clinical features of burst fractures include acute back
pain and restricted motion, which might be accompanied
by neurologic deficits, including motor or sensory changes
and sphincter disturbances [27]. Approximately 50% of
thoracolumbar burst fractures have an associated neuro-
logic deficit, with the deficit predominantly occurring at the
time of injury [9, 20, 28]. Burst fractures are radiographi-
cally characterized by posterior vertebral body angle
exceeding 100°, reduction in posterior vertebral height,
widened interpedicle distance, posterior cortical line dis-
ruption, and posterior vertebral body break, which may be
associated with varying degrees of canal stenosis [6, 25].
However evaluation of such fractures on plain radiographs
alone can result in misdiagnosis, with associated liga-
mentous injuries being missed and approximately 25% of
burst fractures being misdiagnosed as compression frac-
tures [8, 17]. The treatment of burst fractures with
neurologic deficits is controversial as decompression might
not result in resolution of the deficits and neurologic status
(and the degree of compression) might improve with time,
regardless of decompression [30, 31].

Similarly, decision-making regarding nonoperative ver-
sus operative treatment of patients with burst fractures in
the absence of neurologic deficits is contentious [21, 45].
Most studies have been observational, and although several
relevant trials have been published, sample sizes have been
small, ranging from 10 to 80 patients [1-5, 9—-14, 27, 34,
41, 42, 44, 49]. Proponents of nonoperative management
argue that avoiding surgery decreases associated costs and
surgical complications including infection, hardware-rela-
ted complications, and iatrogenic injury [11, 12, 14, 34, 38,
44]. Indications for operative treatment may include neu-
rologic deficit, unstable fracture, severe kyphosis greater
than 35°, canal compromise greater than 50%, or posterior
ligamentous complex injury [18, 38]. Other arguments for
surgery include decreased rates of neurologic deterioration,
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improved kyphosis correction, and facilitation of early
mobilization that may decrease complications from pro-
longed bed rest [1, 5, 45].

Observational studies generally have yielded compara-
ble pain relief, function, and deformity correction in
nonoperative and operative modalities in patients who
initially are neurologically intact [1-5, 9-14, 27, 34, 41, 42,
44, 49]. The majority of nonoperative trials show that
patients experience little or no pain and good functional
outcomes (as assessed by return to work, Denis work scale
[20], Greenough Low Back Outcome Score [23], and
Roland Morris Disability Questionnaire (RMDQ) [39]) at
followup, with between 75% to 100% returning to work.
This is associated with kyphosis progression of 1° to 8.3°,
spontaneous spinal canal remodeling (from an average of
26% to 36% compression at the time of injury to 12% to
18% at last followup) [3, 4, 10-14, 27, 41, 44], and rare
cases of neurologic deterioration [21, 34]. Observational
studies of operative treatment suggest the majority of
patients experience satisfactory pain and functional out-
comes, kyphosis correction of 0.5° to 10.2°, reduction in
canal stenosis, and no neurologic deterioration at last fol-
lowup [1, 2, 5, 10, 11, 21, 27, 41, 42, 52].

Several systematic reviews of nonoperative versus
operative treatment for thoracolumbar burst fractures
without a neurologic deficit have been published [18, 46,
48, 55]. However, Dai et al. [18], Thomas et al. [46], and
van der Roer et al. [48], based their conclusions primarily
on descriptive summaries, included observational studies,
and did not perform meta-analyses. Similarly, the review
by Yi et al. [55] included only one randomized control trial
(RCT), thus limiting its power and clinical utility. They
also did not use available supplemental data [51] detailing
individual patient outcomes, radiographic features, and
baseline characteristics.

We therefore performed a systematic review and meta-
analysis of prospective controlled clinical trials to establish
the best evidence. Our primary outcomes were pain (VAS)
and function (RMDQ). Secondary outcomes were return to
work, radiographic progression of kyphosis (degrees) (and
its association with pain and function), radiographic pro-
gression of spinal canal stenosis, complications, cost, and
length of hospitalization (days).

Search Strategy and Criteria

We used the Cochrane Collaboration guidelines [15] to
develop the following methods, with results reported
according to the QUOROM checklist [33]. Electronic
searches of MEDLINE (1950 - present), EMBASE®
(1980—present), and the Cochrane Central Register of
Controlled Trials (most recent edition) were performed in



Volume 470, Number 2, February 2012

Management of Thoracolumbar Burst Fractures 569

Table 1. Search strategy

MEDLINE EMBASE® Cochrane Central Register

1. thoracic vertebrae/or thoracic$.mp. 1. Thoracolumbar Spine/ 1. thoracic vertebrae/or thoracic$.mp.

2. lumbar vertebrae/or lumbar$.mp. 2. (thoracolumbar or thoraco-lumbar).mp. 2. lumbar vertebrae/or lumbar$.mp.
3.1and?2 3. (thoracic$ and lumbar$).mp. 3.1and 2

4. (thoracolumbar or thoraco-lumbar).mp. 4. or/1-3 4. (thoracolumbar or thoraco-lumbar).mp.
5.3o0r4 5. spine fracture/or vertebra fracture/ 5.3o0r4

6. spinal fractures/or fractur$.mp. 6. fractur$.mp. 6. spinal fractures/or fractur$.mp.

7.5 and 6 7.50r6 7.5 and 6

8. 7 and burst$.mp. 8.4 and 7 8. (nonoperat$ or non-operat$).mp.

9. (nonoperat$ or non-operat$).mp. 9. 8 and burst$.mp. 9. (nonsurg$ or non-surg$).mp.

10. (nonsurg$ or non-surg$).mp.
11. conservativ$.mp.

12. expectant$.mp.

10. (nonoperat$ or non-operat$).mp.

1
1

1. (nonsurg$ or non-surg$).mp.

2. conservativ$.mp.

1
1
1

0. conservativ$.mp.
1. expectant$.mp.

2. (medical$ adj2 manag$).mp.

13. (medical$ adj2 manag$).mp. 13. expectant$.mp. 13. (dt or rh or th).fs.
14. (dt or rh or th).fs. 14. (medical$ adj2 manag$).mp. 14. su.fs.

15. su.fs. 15. (dt or rh or th).fs. 15. 13 and 14

16. 14 and 15 16. su.fs. 16. or/8-12,15

17. or/9-13,16 17. 15 and 16 17. 7 and 16

18. 8 and 17 18. or/10-14,17

19. 7 and 17 19. 9 and 18

20. exp Controlled Clinical Trials as Topic/ 20. 8 and 18

21. Random Allocation/ 21. exp controlled clinical trial/

22. Double-Blind Method/
23. single blind method/

24. controlled clinical trial/or randomized
controlled trial/

25. Comparative Study/

26. ((singl$ or doubl$ or trebl$ or tripl$) adj

(blind$ or mask$)).mp.

27. (randomi?ed control$ trial$ or rct$).mp.

28. (random adj2 (allocat$ or assign$)).mp.

29. placebos/or placebo$.mp.

30. or/20-29 30. (random adj2 (allocat$ or assign$)).mp.
31. 19 and 30 31. placebo/or placebo$.mp.

32. limit 19 to “therapy (optimized)” 32. or/21-31

33. limit 19 to (controlled clinical trial 33. 20 and 32

or randomized controlled trial)
34. or/31-33

35. 18 or 34

2
2

2. randomization/

3. double blind procedure/

24. single blind procedure/

2
2

5. Crossover Procedure/
6. exp case control study/

27. comparative study/or intermethod

28. ((singl$ or doubl$ or trebl$ or tripl$) adj

2

comparison/

(blind$ or mask$)).mp.

9. (randomi?ed control$ trial$ or rct$).mp.

34, limit 20 to “treatment (2 or more

3
3

terms min difference)”
5.33 or 34
6.9 or 35

April 2009, to identify trials (Table 1). Trials with the
following characteristics were included: (1) randomized,
quasirandomized, or controlled clinical trials; (2) patients
with confirmed nonpathologic thoracolumbar (T10-L3)
burst fractures based on CT and plain AP and lateral
radiographs; (3) patients with no neurologic deficit;
(4) comparison of nonoperative and operative management

(regardless of the type of treatment); (5) participants
18 years and older; and (6) full text. Trials including
patient groups with neurologic deficits or examining mul-
tiple interventions were included if examined separately.
There were no restrictions on language or publication date.
Articles were assessed independently by two authors (SRG,
SA). When inclusion was unclear based on abstracts, full
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text articles were retrieved. Disagreements were resolved
by discussion, and a third investigator (IAH) acted as
arbitrator when necessary.

The following outcomes were extracted at baseline and
last followup where available: Primary outcomes: (1) pain,
measured using subjective scales, eg, VAS (0-100, 0 = no
pain, 100 = worst pain); (2) function and quality of life,
measured using validated indices eg, RMDQ (0 = no dis-
ability, 24 = severe disability) [39] and Greenough Low
Back Outcome Score (0 = severe disability, 75 = no dis-
ability) [23]. Secondary outcomes assessed were: (1) return
to work; (2) kyphosis progression, measured in degrees
based on radiographic evaluation; (3) spinal canal stenosis
progression determined by CT evaluation of the percentage
of canal compromise at the midsagittal spinal canal
diameter at the fracture level; (4) complications, divided
into general (eg, thromboembolism, pneumonia, wound
infection, urinary tract infection), neurologic deterioration,
and need for later surgery; (5) costs, and (6) length of
hospital stay (days).

Data extraction was performed independently by two
authors (SRG, SA), and included data regarding study type,
participants, methods, interventions, and outcome mea-
sures. Data were managed using Review Manager
(RevMan) 5 software (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark). If
reported data were inadequate, we attempted to contact
authors for supplementary information. We contacted Shen
et al. [43] and Hitchon et al. [26] to obtain individual
patient data, and Siebenga et al. [45] regarding the out-
comes of patients who had neurologic complications in the
nonoperative group, but we received data from only the
latter. Data were extracted using an intention-to-treat basis
to include original study participants, where possible.

A quality assessment of each trial was performed inde-
pendently by two authors (SRG, SA), with disagreements
resolved by discussion. This included evaluation of allo-
cation sequence, allocation concealment, blinding, loss to
followup, and completeness of outcome reporting [15]
(Table 2).

Descriptive statistics were used for baseline trial char-
acteristics. VAS pain, RMDQ score, kyphosis, and return
to work were pooled where data were available from at
least two trials. When individual patient data were avail-
able, data were analyzed by intention-to-treat before
pooling of outcomes was performed. Mean differences
were used for continuous outcomes and odds ratios for
dichotomous outcomes. Appropriate measures of precision
were extracted for the purposes of this analysis including
standard error, standard deviation, p value, or a 95% con-
fidence interval. Meta-analysis was performed using the
random effects model. The inverse variance method was
used for continuous outcomes and the Mantel-Haenszel
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method for dichotomous outcomes. Our main analyses
present data only from RCTs. We performed sensitivity
analyses by including data from nonrandomized studies to
explore whether our findings for pain, function, and
deformity were robust. We also chose a priori to perform a
sensitivity analysis using fixed-effects meta-analysis,
which does not adjust for any statistical heterogeneity
found. Heterogeneity (a measure of between-study differ-
ences that are not attributable to chance) was estimated
using the I? statistic. Results were reported with corre-
sponding 95% confidence intervals and p values. STATA
version 10.1 (StataCorp, College Station, TX, USA) was
used for analyses.

We identified four trials that satisfied our inclusion
criteria: two RCTs [45, 51], one quasiRCT [45], and one
controlled clinical trial [26] (Fig. 1). An overview of each
study is provided, with sample sizes reflecting the number
of patients at the start of each trial, including those lost to
followup (Table 2).

A multicenter RCT [45] was performed of short-
segmented posterior stabilization with pedicle screws
inserted above and below the fracture level, in association
with autogenous bone grafting, physiotherapy, and hyper-
extension orthoses (3 months) postoperatively. Autogenous
bone was grafted from the posterior pelvic crista for
transpedicle spongioplasty or posterolateral monosegmen-
tal fusion. Fifteen of 17 implants were removed at 9 to
12 months. This treatment was compared with bed rest
(5 days minimum), hyperextension orthoses (3 months),
and physiotherapy. However, this small trial was limited to
a specific fracture (AO Type A3), with the unconventional
inclusion of L3 (n = 3) and L4 (n = 1) fractures. The
authors also admitted that failure to screen patients by MRI
potentially led to missed detection of a posterior column
injury in the nonoperative group, possibly skewing pain,
function, and kyphosis results. Moreover, bias cannot be
excluded as a result of unclear randomization, allocation
concealment, and blinding. There was a small loss to fol-
lowup (two of 34; 6%).

In another multicenter RCT [51], the mode of operation
was at the discretion of the surgeon, and consisted of
anterior or posterior arthrodesis and instrumentation, and
autologous bone grafting, without formal attempt at
decompression. The posterior operative approach involved
two to five levels of posterolateral spinal arthrodesis with
pedicle screw-hook instrumentation and autologous iliac
crest bone grafting, whereas the anterior approach involved
two-level fibular and rib-strut construct arthrodesis with
local autologous bone grafting and instrumentation. The
method of bone grafting was not specified. Nonoperative
treatment consisted of either a body cast (8—12 weeks)
followed by thoracolumbosacral orthoses (4-8 weeks) or
thoracolumbosacral orthoses alone (12—-16 weeks). Before
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Table 2. Characteristics of trials

Characteristic Siebenga et al. [45]

Wood et al. [51]

Shen et al. [43]

Hitchon et al. [26]

Study design Multicenter prospective
randomized control

trial
Size 34 patients
Location Netherlands
Inclusion Traumatic fracture of
criteria T10-L4
AO Type A; no

neurologic deficit; age
18 to 60 years; period
between trauma and
operative

treatment < 10 days.

Baseline characteristics

Operative
Age (years) 45.7 (mean)
Gender M:F 10:7
Mechanism MVA = 18% (3/17);
of injury fall = 53% (9/17);
sports = 18% (3/17);
industrial = 12% (2/17)

Site T1 = 12% (2/17)

L1 =65% (11/17)

L2 = 6% (1/17)

L3 = 12% (2/17)

L4 = 6% (1/17)

Nonoperative

Age (years) 37.3 (mean)
Gender M:F 10:5
Mechanism MVA = 33% (5/15);
of injury fall = 67% (10/15)
Site T12 = 40% (6/15)

L1 = 47% (7/15)

L2 = 7% (1/15)

L3 = 7% (1/15)
Outcomes  VAS pain; RMDQ-24;

VAS spine; return to
work; kyphosis;
complications; and
length of stay

Multicenter prospective
randomized control trial

53 patients
Minnesota, MN, USA

Isolated thoracolumbar burst
fracture; CT scan revealing
a burst-type fracture with
retropulsion of vertebral body
bone into the canal;
no new neurologic
abnormality; < 3 weeks
after injury; age 18-66 years;
no medical comorbidities
precluding surgery; no
ongoing cancer, infection,
bleeding disorder, or skin
disease

43.3 (mean)

16:8

MVA = 50% (12/24);
fall = 21% (5/24);

industrial = 25% (6/24);
recreation = 4% (1/24)

T = 4% (1/24)
TI12 = 17% (4/24)
L1 = 54% (13/24)
L2 = 25% (6/24)

39.4 (mean)

16:7

MVA = 35% (8/23);
fall = 48% (11/23);
recreational trauma = 13%
(3/23); sports injury = 4% (1/
23)

TI12 = 17% (4/23)

L1 = 65% (15/23)

L2 = 17% (4/23)

VAS pain; RMDQ; Oswestry
back pain questionnaire;
Short form-36; return to
work; kyphosis; percentage of
canal compromise;
complications; length of
hospital stay; and cost of
treatment

Pseudorandomized controlled
clinical trial

83 patients

Kaohsiung, Taiwan

Neurologically intact; single-
level closed burst fracture
T11-L2; no dislocations, with
pedicles and facet joints
appearing intact, although the
pedicles may have fractured
from the vertebral body; age
18 to 65 years; no major
organ or musculoskeletal
injuries

42 (median)
18:15
MVA or fall = 98% (78/80)

T12 = 30% (10/33)
L1 = 42% (14/33)
L2 = 27% (9/33)

44 (median)
23:24
MVA or fall = 98% (78/80)

T11 = 2% (1/47)

T12 = 23% (11/47)

L1 = 49% (23/47)

L2 = 26% (12/47)

VAS pain; Greenough Low
Back Outcome Score; patient
satisfaction; return to work;
kyphosis; percentage of canal
compromise; complications;
hospital cost; and length of
hospital stay

Prospective controlled
clinical trial

31

Iowa University, lowa City,
IA, USA, & VA Medical
Centers

Nonoperative treatment: angular
deformity < 10°; residual
spinal canal as measured on
CT > 50%; anterior body
height > 50% of the posterior
height

Operative treatment: angular
deformity generally
measured > 10°; residual
spinal canal > 50% of normal

Cost
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Table 2. continued

Characteristic Siebenga et al. [45]

Wood et al. [51]

Shen et al. [43] Hitchon et al. [26]

Review authors’ judgments about each methodologic quality

Adequate Unclear Yes No No
sequence
generation

Allocation Unclear Unclear Unclear Unclear
concealment

Blinding Unclear Unclear Unclear Unclear

Free of other No No No No
bias

Completeness Incomplete Incomplete Incomplete Incomplete
of outcome
reporting

Loss to 6% (2/34) 11% (6/53) 4% (3/83) Unclear
followup

MVA = motor vehicle accident; VAS = visual analog scale; RMDQ = Roland Morris Disability Questionnaire.

EMBASE® MEDLINE COCHRANE
N =688 N =122 CENTRAL
N = 369

TR A

Combined search
results
Abstracts = 696

Excluded 20

Full text eNot a trial =9
N =24 m) | oNot a comparative trial = 8
eNeurologic involvement = 2

1 eNot thoracolumbar burst = 1

Included trials after
full text review
N=4

Excluded 672

eNot a trial = 633

eNot a comparative trial = 31

o Neurologic involvement = 4

e Not thoracolumbar burst = 3
e Younger than 18 years old = 1

Fig. 1 The study criteria are shown.

either surgery, cast, or orthoses, there was a period of bed
rest (2-5 days). Although randomization appears adequate
(computer-generated), allocation concealment and blinding
are unclear. There is risk of attrition bias, with 11% loss to
followup. The study group also was heterogeneous, with
patients having multiple-level and single-level fractures,
and multiple treatment options.

In a pseudoRCT [43], short-segment posterior fixation
(using pedicle screws above and below the fracture),
autogenous bone grafting, and facetectomy were compared
with a hyperextension brace (3 months). Autogenous bone
was grafted from the posterior iliac crest and the bone
inserted between the laminae and between adjacent trans-
verse processes. The study was limited by a short followup
(24 months) and inadequate sequence generation, with
patient self-selection bias. Patients originally were assigned
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randomly, but seven were reassigned to nonoperative
treatment after refusing surgery. Similarly, allocation
concealment and blinding were unclear. There was a 4%
loss to followup (three of 83) and intention-to-treat was not
used in analysis. Furthermore, there was incomplete
reporting of hospital charges, canal stenosis, and mecha-
nism of injury.

In a prospective controlled clinical trial [26], patients
(n = 31) were allocated according to clinical and radio-
graphic parameters. Criteria for nonoperative treatment
included angular deformity less than 10°, residual spinal
canal greater than 50% as measured on CT, and anterior
body height greater than 50% of the posterior height.
Operative treatment was used when angular deformity
measured greater than 10° and residual spinal canal was
greater than 50% of normal. Operative treatment consisted
of decompression, stabilization via pedicle screws, and
autologous bone fusion, followed by ambulation using
polyester or acrylic thoracolumbar orthoses (3—5 months).
Decompression was via a transpedicle approach, costo-
transversectomy, or through a lateral extraperitoneal
approach. Autologous bone fusion occasionally in con-
junction with allogenic banked bone was performed,
although the source and method of grafting were not
specified. Nonoperative treatment included recumbency
(1-6 weeks) followed by ambulation wearing thoraco-
lumbar orthoses (3-5 months). However, the hetero-
geneous cohort included patients with neurologic deficits,
and reporting did not differentiate between patients who
were neurologically intact managed operatively and non-
operatively except in terms of management costs. The
neurologic status in the operative and nonoperative groups
was dissimilar (p = 0.0001), with only a small number of
patients who were neurologically intact treated operatively
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Table 3. Baseline characteristics of patients included in individual
patient data meta-analysis

Characteristic Total Operative Nonoperative p value
Sample size 79 41 (52%) 38 (48%)
Mean age (years) 41.5 44 39 0.046
Gender
Male 52 (66%) 26 (63%) 26 (68%) 0.64
Female 27 (34%) 15 37%) 12 (32%)
Mechanism of injury
Fall 35 (44%) 14 (34%) 21 (55%) 0.06
MVA 28 (35%) 15 37%) 13 (34%)
Sports/recreation 5 (6%) 4 (10%) 1 (3%)
Work/industrial 8 (10%) 8 (20%) O
Other 3 (4%) 0 3 (8%)
Level of injury
T11 1 (1%) 1 2%) 0 0.6
T12 16 20%) 6 (15%) 10 (26%)
L1 46 (58%) 24 (59%) 22 (58%)
L2 12 (15%) 7 (17%) 5 (13%)
L3 3 (4%) 2 (5%) 1 (3%)
L4 1 (1%) 1 (2%) 0
Mean followup 47 47 48 0.68
(months)

MVA = motor vehicle accident.

(n = 5) compared with nonoperatively (n = 26). Follow-
ups also were dissimilar with means of 21 and 9 months for
the operative and nonoperative groups, respectively.
Moreover, allocation concealment and blinding were
unclear.

Individual patient data were available from two RCTs
[45, 51], in which 79 patients (41 operative, 38 nonoper-
ative) were identified (Table 3). This does not include
data for those lost to followup. The mean age of these
79 patients was 41.5 years, male to female ratio was 2:1, and
mean followup was 47 months (range, 24—118 months).
The majority of fractures were at T12-L1, accounting for
78% of fractures. Falls (44%) and motor vehicle accidents
(35%) were the most common mechanisms of injury.
Default quantitative analyses included data only from RCTs,
whereas sensitivity analyses were performed using data
from the quasiRCT.

There was a difference in age but no between-group
differences in gender, mechanism of injury, level of frac-
ture, or length of followup (Table 3). There also were no
differences in baseline measurements of the main outcome
measures of pain (mean difference [MD] = 0.8; p = 0.77;
95% CI, —4.4-6.0), function using the RMDQ score
(MD = 0.6; p = 0.13; 95% CI, —0.2-1.3), or degrees of
kyphosis (MD = 0.21; p = 0.91; 95% CI, -3.5-3.9).

Results

We found no between-group differences in mean VAS pain
at last followup between nonoperative (22 points) and
operative groups (25 points) (MD = —1.0; p = 0.95; 95%
CL, —29.0 to 27.1; I = 88%). Sensitivity analysis includ-
ing pain and functional results from the pseudoRCT [43]
also showed no between-group difference in pain (MD =
0.2; p = 0.97; 95% CI, —22.1-21.7; I> = 77%).

There were no differences (p = 0.89) in mean RMDQ
scores between groups at last followup (5.8 in the nonop-
erative group versus 6.1 in the operative group;
MD = —-0.7;95% CI, —10.7 to 9.2; I’ = 92%). There also
were no changes (p = 0.70) in RMDQ scores from base-
line (5.3 in the nonoperative group versus 4.8 in the
operative group). Pooling of data from the pseudoRCT [43]
using the Greenough Low Back Outcome Score also found
no difference (MD = —0.06; p = 0.89; 95% CI, —0.88 to
0.76; I = 83%).

Of the cases where work status was reported in the
RCTs [45, 51], return to work rates were 67% for the
nonoperative group and 70% in the operative group. Pooled
results from RCTs showed no difference (p = 0.76) in total
return to work rates (odds ratio [OR] = 1.6; 95% CI, 0.07—
38.7; I* = 87%).

Mean kyphosis at approximately 4 years was 16° in the
nonoperative group and 11° in the operative group, with a
reduction from baseline of —3.3° in the nonoperative group
versus 1.8° in the operative group. No between-group
difference (p = 0.23) was found in degrees of kyphosis
(MD = —6.2; 95% CI, —16.3 to 3.95; I = 87%). A sen-
sitivity analysis was performed using fixed-effects meta-
analysis (instead of the random-effects method, which
adjusts for between-study heterogeneity) which showed
improvement (p < 0.001) in kyphosis in the operative
group from baseline to last followup (MD = —7.5; 95%
CI, —11.04.1; I’ = 87%). Addition of data from the
pseudoRCT [43] did not alter long-term kyphosis.

Our meta-analysis showed no association (r = —0.04;
p = 0.71) between degree of kyphosis and pain (VAS
pain) at last followup. Similarly, there was no association
(r = —0.03; p = 0.81) between degree of kyphosis and
function (RMDQ) at last followup.

There was a higher (p = 0.007) pooled complication
rate (Table 4), including general complications, neurologic
deterioration, and need for further surgery, in the operative
group compared with the nonoperative group (OR = 6.4;
95% CI, 1.7-24.6; I’ = 0%). However, analysis including
only complications that resulted in neurologic deterioration
or required surgery did not show any differences (OR =
3.3; p = 0.44; 95% CI, 0.16-68.5; I = 65%).

Canal stenosis improved at followup in the operative and
nonoperative groups. One RCT [51] reported improvement
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Table 4. Outcomes

Outcome Siebenga et al. [45]

Wood et al. [51]

Shen et al. [43]

Hitchon et al. [26]

Total return to work
Operative 85%
Nonoperative  38%

Time to return to work

Operative Mean time postinjury =
6.7 months
(1-18 months)
Nonoperative ~ Mean time = 13.6 months

(6-33 months)

Workload at return to work

Operative Same profession = 100%
Nonoperative ~ Same profession = 60%;
less demanding job
=40%
Complications
General

Operative 3
Nonoperative 1
Further surgery owing to complications
Operative 2
Nonoperative 0
Neurologic deterioration
Operative 0
Nonoperative 2
Mean canal stenosis
Operative -
Nonoperative —
Cost
Operative -
Nonoperative —
Mean duration of hospitalization (days)
14.6 (9-21)
12.2 (6-25)

Patient satisfaction

Operative

Nonoperative

Operative -

Nonoperative  —

Mean followup (months)
Operative 51.6
Nonoperative  51.9

63%
83%

Within 6 months after
discharge = 42%; within
24 months = 58%

24 months or more = 63%

Within 6 months = 74%; within
24 months = 83%

Similar job = 53%
less demanding = 47%

Similar job = 79%; less
demanding = 21%

0

0

Time of injury
39% (13-63)
34% (5-75)

Followup
22% (0-58)
19% (0-46)

$49,063 ($26,517-$102,583)
$11,264 ($4686-$20,891)

10.7 (6-27)
7.9 (2-17)

43
46

73%
67%

Heavy work = 63%; light work =
90%;,

Heavy work = 56%; light work =
86%

0

0

Time of injury
32% (10-70)
34% (10-70) 15%

Followup

Unavailable

Operative treatment four times the
cost of nonoperative treatment

10.4
9.2

Very satisfied = 30%; satisfied =
55%; unsatisfied = 9%; very
unsatisfied = 6%

Very satisfied = 38%; satisfied =
49%:;, unsatisfied = 13%

24
24

$45,300 + $12,400
$13,900 £+ $5400

21

from a mean of 39% (range, 13%—-63%) at the time of injury
to 22% (range, 0%—58%) at followup in the operative group
(p = 0.0001) and from 34% (range, 5%-75%) to 19%
(range, 0%—46%) in the nonoperative group (p < 0.0001).
Similarly, the pseudoRCT [43] reported canal stenosis
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improved in the nonoperative group from a mean baseline of
34% (range, 10%—70%) to 15% at 1 year followup, although
values were unavailable for the operative group (Table 4).
Costs were consistently higher for patients treated oper-
atively compared with nonoperatively (Table 4)[26,43,51].
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One RCT [51] found that the mean cost of operative man-
agement was higher (p < 0.01) than that for nonoperative
treatment: $49,063 (US dollars)(range, $26,517-$102,583)
versus $11,264 (range, $4686-$20,891), respectively. This
was confirmed by the pseudoRCT [43], which reported that
operative costs were four times (p < 0.01) that of nonoper-
ative costs. Similarly, the controlled clinical trial [26]
reported increased costs associated with surgery ($45,300 +
$12,400 US dollars) compared with nonsurgical manage-
ment ($13,900 £ $5400) (p value not reported).

There was no difference in length of hospitalization
between nonoperative and operative groups. Mean length
of stay in the nonoperative group ranged from 7.9 to
12.2 days, compared with a mean stay of 10.4 to 14.6 days
in patients treated operatively [43, 45, 51]. These differ-
ences reportedly were not significant [43, 51], although one
RCT did not perform analyses for differences [45].

Discussion

Decision-making regarding nonoperative versus operative
treatment of patients with thoracolumbar burst fractures in
the absence of neurologic deficits is controversial, and
evidence from trials is sparse [21, 45]. The limited high-
quality evidence available has impeded informed decision-
making, potentially resulting in patients being treated
inappropriately and being exposed to unnecessary adverse
consequences. We therefore performed a systematic review
incorporating meta-analysis to evaluate pain, function,
return to work, kyphosis progression, spinal canal stenosis
progression, complications, cost, and length of stay
between treatment groups.

We acknowledge limitations of the literature and our
review. First, although several relevant trials have been
published, the majority are small, retrospective, and of low
quality [1-5, 9-14, 27, 34, 41, 42, 44, 49]. As a result, few
comparative trials satisfied our inclusion criteria, including
two RCTs that yielded contrasting results [45, 51].
Although the moderate sample-size was appropriate to
address project-aims, larger cohorts might better detect
clinically important differences. We could not perform
subgroup analysis based on burst fracture type as the
information required was unavailable. Such analysis also
might not be valid as included trials were small, and further
subclassification would have resulted in reduced reliability.
Second, the heterogeneity of study populations in terms of
neurologic status and therapeutic options poses additional
challenges in evaluating the individual therapeutic options.
This clinical heterogeneity, combined with the small
sample sizes of the included studies, resulted in high I?
values for our pooled results. However, we believe the
study population represents the general population of

patients with thoracolumbar burst fractures in terms of
baseline characteristics. Third, the use of variable outcome
measures and suboptimal reporting, often at nonstandard-
ized intervals, further undermines informed decision-
making Fourth, included studies did not differentiate
between major and minor complications, thus limiting our
analysis and ability to interpret the findings for clinical
purposes. Despite these reservations, our review incorpo-
rates an individual patient data meta-analysis of RCTs
comparing operative and nonoperative management of
patients with thoracolumbar burst fractures without a
neurologic deficit, and we believe reflects the best evidence
currently available. As such, this review hopefully will
facilitate greater evidence-based practice and quality
management.

Our meta-analysis showed no differences at baseline and
at last followup in VAS pain between patients managed
nonoperatively and operatively. Data from Shen et al. [43]
suggested that surgery resulted in earlier improvement of
VAS pain compared with nonoperative treatment at
1 month (3.8 versus 5.5; p = 0.02), although there were no
between-group differences at 6 months after injury.

Similarly, our review showed no difference in functional
outcomes including RMDQ scores and return to work
between operative and nonoperative groups at last fol-
lowup. This is similar to functional recovery seen in
observational trials [1-5, 9-14, 27, 34, 41, 42, 44, 49],
although admittedly the wide variety of functional scales
used in such trials often makes comparisons problematic.

Our study suggests that although there may be a dif-
ference (using sensitivity analyses) in kyphosis between
operative and nonoperative groups at last followup, pro-
gression of kyphosis occurs in both groups regardless of
treatment. Reid et al. [38] reported that much of this pro-
gression also appears to occur in the initial period after
injury, with relative stabilization of kyphosis within 12 to
18 months. Furthermore, our meta-analysis showed no
association between degree of kyphosis and pain and
function, which is consistent with findings from other
studies [10, 12, 13, 27, 34, 47, 51]. There is limited evi-
dence that pain is more common with a kyphotic angle
greater than 30° [22, 49], a level of deformity that vastly
exceeded the mean kyphosis observed at last followup in
operatively and nonoperatively treated patients in our
analysis. Therefore although kyphosis is a common out-
come measure in the literature, the importance attributed to
this anatomic parameter in studies is difficult to justify, as
its clinical importance is questionable [27, 43, 50].

Our review showed a similar decrease in canal stenosis
in both groups. Such remodeling has been reported for
operatively and nonoperatively treated patients, occurring
as a result of resorption of intracanal bone fragments
[19, 24, 32, 34, 42, 50, 52, 54]. Although concerns have
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been raised regarding inadequate remodeling in an obser-
vational study [32], Mumford et al. [34] reported
substantial remodeling in effectively all canals with greater
than 50% compromise in nonoperative trials. This was
supported by Dai [16], who reported that there was no
difference in percentage of remodeling between operative
and nonoperative groups. Despite such findings, there has
been no evident association between the percentage of
canal stenosis and clinical symptoms in patients who are
neurologically intact.

There was a higher rate of complications in the opera-
tive group compared with the nonoperative group.
Although our analysis did not have the power to show
differences in neurologic deterioration, there were two such
cases in the nonoperative group [45]. One patient had signs
of a conus medullaris syndrome and another had scoliosis
of 14° with late signs of nerve root compression, but
whether such deterioration was amenable to surgical cor-
rection cannot be determined as both patients declined
surgery. The literature shows that the majority of such
deficits are surgically correctable [21, 34]. Seven cases of
neurologic deterioration have been reported in observa-
tional studies of nonoperative treatment [21, 34]. Denis
et al. [21] reported neurologic manifestations in six patients
initially treated nonoperatively (17%). Three patients later
recovered neurologic function after undergoing surgery,
one patient did not achieve full recovery after incomplete
surgical decompression, whereas the other two patients
refused surgery for the neurologic deficit [20]. The one
case of single-root radiculopathy reported by Mumford
et al. [34] was reversed by surgery.

Such results raise questions regarding the need for
operative treatment, subjecting patients to the substantial
risks associated with surgery without any proven long-term
clinical and functional benefits [43, 51]. Similarly, the low
risk of neurologic deterioration in nonoperatively treated
patients further raises questions regarding whether such
risks are overestimated in clinical practice.

Our review showed there is insufficient evidence that
operative management is superior to nonoperative man-
agement in treating patients with thoracolumbar burst
fractures without a neurologic deficit. Operative treatment
may result in improved kyphosis correction, but given the
limitations of our study, it does not appear to be associated
with substantial benefits in long-term pain and function,
and is associated with increased costs and greater risk of
complications.
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