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The Reverse Thomas Position for Thoracolumbar Fracture
Height Restoration: Relative Contribution of Patient
Positioning in Percutaneous Balloon Kyphoplasty for Acute
Vertebral Compressions
Jonathan P. Ng , Derek T. Cawley, Suzanne M. Beecher, Joseph F. Baker, John P. McCabe

Department of Orthopaedic and Traumatology, Galway University Hospital, Republic of Ireland

Abstract
Background
Standard positioning for percutaneous balloon kyphoplasty requires placing a patient prone with supports under
the iliac crests and upper thorax. The authors believe that hip hyperextension maximises pelvic anteversion creat-
ing anterior longitudinal ligamentotaxis, thus facilitating restoration of vertebral height.

Methods
Radiographic imaging including pre-operative, post-positioning, post balloon tamp inflation and post-operative lat-
eral radiographs were analysed for anterior and posterior column height, wedge angle of the affected vertebra and
3-level Cobb angle in patients with recent fractures of T11-L1. Fracture dimensions of the index vertebra were ex-
pressed as percentage of the analogous dimension of the referent vertebra.

Results
From a total of 149 patients, a full imaging sequence was available on 21 cases of vertebral compression fractures.
The described positioning technique created a mean anterior column height increase from 68.3% to 75.3% with po-
sitioning (p = 0.15), increasing to 82.3% post balloon inflation. Average Cobb and wedge angle improvement of 4.7°
(p=0.004)and 3.6° (p=0.002) from positioning along were also recorded.

Conclusion
The Reverse Thomas Position is a safe and effective technique for augmenting thoracolumbar fracture height
restoration in percutaneous balloon kyphoplasty.

keywords: thoracolumbar fracture, patient positioning, percutaneous balloon kyphoplasty
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Introduction
Percutaneous balloon kyphoplasty (PBK) is a type of
percutaneous vertebroplasty that involves fixation of
the fractured vertebrae with polymethylmethacrylate
(PMMA) after vertebral endplate elevation by a per-
cutaneous inflatable balloon tamp.1 Previous studies
have demonstrated comparable clinical outcomes to
open surgery and conservative management2,3 for the
treatment of vertebral compression fractures (VCFs).
Restoration of vertebral height and correction of
kyphotic deformity by PBK are believed to alleviate
biomechanical consequences of VCFs,4 thereby re-
ducing fracture-related pain.

In addition to the endplate elevation achieved by the
balloon tamp in PBK, some studies have also de-
scribed significant height recovery and sagittal align-
ment with appropriate patient positioning.4,5,6,7 This
is possible due to the dynamic mobility of VCFs. In a
radiographic series, McKiernan et al. demonstrated
this property in 44% of patients, with an average an-
terior vertebral height increase of 106% of initial frac-
ture.4 The phenomenon of dynamic mobility holds
particularly true for fractures at the thoracolumbar
junction, as this spinal segment bears the greatest dy-
namic load, which translates to a greater degree of
mobility.4 Furthermore, there have been several stud-
ies describing the optimal patient positioning during
kyphoplasty to maximise vertebral height restoration
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prior to balloon inflation and cement injection. Plac-
ing the patient in a prone position with or without
chest and pelvic bolsters are common techniques de-
scribed by previous studies.8,9 Furthermore, Cawley
et al. described using pillow supports anterior to the
thigh to hyperextend the hips.10 Thus, in contrast to
the better-known "Thomas test" for hip flexion con-
tracture, the authors describe locking the hips at
maximal extension. This "Reverse Thomas Position"
anteriorly rotates the pelvis to maximise lumbar lor-
dosis and enables subsequent anterior longitudinal
ligamentotaxis. Therefore, the aim of the study was
to determine the efficacy of this described position-
ing technique in restoration vertebral sagittal align-
ment in thoracolumbar VCFs.

Materials and Methods
A retrospective search through the operative data-
base identified 149 consecutive cases of PBK in 160
patients from 2007 to 2014 performed by four or-
thopaedic surgeons in a single institution. The loca-
tion of the involved vertebra, mechanism of fracture,
time interval between fracture (estimated by date of
original radiograph) and procedure, and duration of
follow up were recorded.

Selection Criteria
Inclusion criteria for the study included fractures at
thoracolumbar junction (i.e. T11, T12 or L1), and
fractures in which preoperative, intraoperative and
postoperative radiographs were available. We exclud-
ed cases where the index vertebra was not centred on
the lateral view and the cranial or caudal vertebrae
were not visualised entirely, making the measure-
ments impossible. Those who underwent instrumen-
tation as well as kyphoplasty were also excluded.
Moreover, poor quality radiographs without clear
outlines were also excluded.

Population
Of 149 consecutive cases of kyphoplasties, 21 VCFs
(20 patients) met the eligibility criteria (7 males and
13 females). The mean patient age was 54.5 (range,
27 to 90 years). Trauma was the most common caus-
es in our patient series (61.9%, n=13). The majority of
fractures occurred at L1 (42.9%, n=9) (Table 1).

Assessment of kyphosis and vertebral body height
Digital radiographs of the vertebral bodies were re-
viewed using the digital radiology imaging system
(IPAX RIS, Agfa-Gaevert, Mortsel, Belgium). Preop-
eratively, erect standardised radiographs were used
with lateral views centred on the fractured (index)
vertebra. Similarly, intra-operative biplane fluoro-
scopic radiographs were also analysed, focusing par-
ticularly on films taken after patient positioning, and
on inflation of balloon. The most recent follow-up
standing lateral radiograph was also reviewed. Radi-
ographs were scaled to dimensions of the original
preoperative radiograph to minimise inter-
radiographic magnification error.

At each of the four time points, lateral views of the
index vertebra were individually examined for
changes in vertebral height and sagittal configuration.
Vertebral body height was measured to the nearest
millimetre. The reference height was taken from an
average of the adjacent cranial and caudal normal
vertebrae without collapse. The anterior and posteri-
or height losses were presented as percentages of the
‘original height’ (i.e. reference height) (Figure 1).
Each vertebral height was measured on two separate

Table 1. Demographic details of 26 vertebral compression fractures in 25
patients.

Demographic Variables Percentage / Number of Fractures

Gender

Male 33.3 / 7

Female 66.6 / 14

Age

Under 40 years old 28.6 / 6

40 to 60 years old 19 / 4

Mechanism of Injury

Trauma 61.9 / 13

Metastasis 19 / 4

Insufficiency 19 / 4

Vertebral Level

T11 23.8 / 5

T12 33.3 / 7

L1 42.9 / 9
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occasions by two independent examiners and an av-
erage was calculated.

A three level Cobb angle (kyphosis angle) was deter-
mined by using the Cobb method11 on a standard ra-
diograph by measuring the angle between the superi-
or endplate of the vertebra above and the inferior
endplate of the vertebrae below (Figure 1). A positive
angle denoted an overall kyphosis and a negative an-
gle indicated an overall lordosis of the segment mea-
sured.

Lastly, the wedge angle was determined as the angle
between the superior and inferior endplates of the
collapsed index vertebral body11 (Figure 1).

Measurements were taken by three interpreters
( JPN, SMB, DTC) and the values were compared to
identify any discrepancies of more than 2 degrees or
5mm. Whilst inter- and intra-observer reliability in

the measurements were not performed, the films
were reviewed to reconcile any discrepancies to the
final measurements.

Technique
Postural reduction was achieved by placing patient in
prone position on a four-poster frame with a radiolu-
cent base. Foam bolsters were positioned on the an-
terior aspect of the iliac crest and either side of the
upper thorax to allow gravity-assisted vertebral ex-
tension. The arms abducted and flexed at shoulder
joint with forearms resting on either side of the head.
Hip extension was achieved by placing two columns
of pillows under the legs (Figure 2).

Statistical Methods
Measurements from the four time points (i.e. preop-
erative, after patient positioning, after balloon infla-
tion and postoperative) were tabulated and statistical
analysis was performed using SPSS (SPSS, Inc.,
Chicago, IL). Paired sample t-test was used to statis-
tically evaluate changes in Cobb angles, wedge angle
and vertebral heights. A P value < 0.05 was accepted
to demonstrate statistical significance.

Results
The average interval between original fracture radi-
ographs to PBK was 15.9 days. The extent of anterior
vertebral collapse averaged 31.7% of the original
height (range, 10.5 to 98.3%). The described postural
reduction technique reduced the collapse to 24.7% of
the original anterior vertebral body height (P = 0.15)
(Table 2). A measurable increase in anterior vertebral
height was achieved in 57.1% of VCFs upon patient
positioning (n=12). Posteriorly, the mean vertebral
height collapse was 4.3% of the original height (range:
0 to 29.6%). The positioning technique was able to
restore posterior vertebral height to 99% of the origi-

Fig. 1. Intraoperative fluoroscopic screening after patient positioning and
prior to balloon inflation. Percentage anterior (A) height loss = {1-Af/[(As
+ Ai)/2]} × 100; and percentage posterior (P) height loss = {1-Pf/[(Ps +
Pi)/2]} × 100. (C) The Cobb angle is calculated form the superior endplate
of the vertebra above and the inferior endplate of the vertebrae below the
fracture vertebra. In cases where two consecutive levels were fractured, a
four-level Cobb angle was calculated. (D) The wedge angle was determined
as the angle between the superior and inferior endplates of the collapsed
index vertebral body. Fig. 2. Schematic representation of the Reverse Thomas Position.
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nal height (P = 0.01) (Figure 3). Upon inflation of
balloon tamp, the anterior body height restored to
82.3% of the original height and the posterior was
shown to have full restoration of original height
(100%).

In terms of the sagittal configuration of the spine, the
average wedge angle was 15.8° (range: 3.8° to 36.3°)

Table 2. Comparisons of sagittal configuration pre and post positioning.

and average kyphosis angle (Cobb angle) was 5.6°
(range: -5.4° to 24.2°) preoperatively. Placement of
the patient in a hyperlordotic position resulted in a
significant spontaneous reduction in deformity by
3.6° wedge vertebral angle (P= 0.002) and 4.7° Cobb
angle (P= 0.004) to 12.2° and 0.9°, respectively. An
improvement of Cobb angle of at least 5° was seen in
approximately one-third of cases (38.1%, n = 8). Infla-
tion of balloon tamp further decreased the wedge an-
gle by 0.9° and improved the Cobb angle by another
0.1° (Figure 3).

While vertebral height and sagittal configuration of
the spine were improved intra-operatively, it ap-
peared that vertebral height, kyphosis angle and
wedge vertebral angle were not maintained at a mean
follow up of 8.6 months (Figure 3). Compared with
the preoperative radiographs, PBK improved overall
vertebral heights and wedge vertebral angle. Howev-
er, a greater degree of kyphosis was noted, as demon-

Mean P
Value

Confidence Inter-
val (CI)

Anterior Height (Post – pre
positioning)

0.07 of original
height 0.15 -0.28 to 0.17

Posterior Height
(Post – pre positioning)

0.04 of original
height 0.014 0.009 to 0.07

Wedge Angle
(Post – pre positioning)

3.6° 0.002 1.5 to 5.7

Kyphosis Angle (Post – pre
positioning) 4.7° 0.004 1.6 to 7.09

Fig. 3. Changes in anterior and posterior height, and wedge and kyphosis (Cobb) angles preoperative, intraoperatively and postoperatively. A positive Cobb angle
denotes an overall kyphosis and negative denotes an overall lordosis of the lumbar spine.
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strated by an average Cobb angle of 5.6° from 7.8°
preoperatively.

Discussion
In VCFs, the existence of corticocancellous disrup-
tion and subsequent intravertebral cleft give rise to
the dynamic mobility of the fracture,4 which permits
vertebral height restoration upon postural reduction
and balloon inflation. Previous studies have de-
scribed many techniques for postural correction of
vertebral body dimensions.4,8,9,11,12 However, these
were all based on the principle of hyperextension of
the affected segment of spine. As the anterior longi-
tudinal ligament (ALL) is adherent to the upper and
lower edges of the vertebral body, and to the inter-
vertebral disc, tension across the ligament results in
expansion of the collapse intravertebral cleft. Cawley
et al expanded on this principle and suggested that
additional hip extension further increases the degree
of ligamentotaxis and subsequent restoration of ver-
tebral dimensions.10 As the ALL terminates at the
sacral promontory, by anteverting the pelvis and in-
creasing the lumbosacral angle, the sacrum acts as a
fulcrum over which further traction of the longitudi-
nal fibres of the ALL can be achieved in addition to
lumbar hyperlordosis (Figure 4). While this tech-
nique was shown to be effective, the results were lim-
ited by a heterogeneous patient population. Only
64.3% of fractures in their study were at the thora-
columbar junction. This segment of spine bears the
greatest dynamic load and is therefore highly mobile,
making it the most amenable to postural reduction.
In view of this, our study evaluated the efficacy of
this postural reduction technique in VCFs at specifi-
cally the thoracolumbar junction.

The results of the present study confirmed that plac-
ing patient in hyperlordotic position with pelvic ex-
tension was useful for restoring vertebral height and
correcting kyphosis in VCFs at the thoracolumbar
junction. In addition, it was demonstrated that both
patient positioning and inflation of balloon con-
tributed similarly to the overall reduction achieved,
with patient positioning being slightly more effective
at improving the Cobb and wedge angle. Lieberman
et al. reported measurable end-plate elevation in 48%
of VCFs in their series, which they ascribed to the

balloon tamp intervention.1 Similarly, McKiernan et
al. documented improvement in vertebral height in
35% of VCFs from vertebroplasty.4 In our series, mea-
surable increase in anterior vertebral height was
found in 57.1% of VCFs upon patient positioning. Af-
ter inflation of balloon, this increased to 82.3%. A re-
markably similar result has been reported by Hi-
watashi et al (84.7%), although they ascribed the
height restoration to the injection of cement. When
comparing our results with those reported in previ-
ous studies, one must acknowledge two important is-
sues. Firstly, the efficacy of the intervention per-
formed is strongly dependent on the level of VCF. As
mobile fractures dominate at the thoracolumbar
junction, and this is the property that has been de-
scribed to permit vertebral height restoration,4 a de-
gree of selection bias must be taken into account
when interpreting our results. Secondly, direct com-
parison to previously described positioning tech-

Fig. 4. Schematic representation of the additional ligamentotaxis of the
anterior longitudinal ligament (ALL) achieved by pelvic anteversion. Note
the attachment of the ALL to the intervertebral discs, sacral promontory,
and the upper and lower edges of each vertebral body, allowing for
distraction across fracture site.
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niques is often not possible, as the most studies only
reported vertebral dimensions pre- and postopera-
tively, and did not measure the relative contribution
of each step of the intervention to the final sagittal di-
mensions. A study by Voggenreiter et al. was one of
the few studies that assessed this.5 Their postural re-
duction technique involved positioning the patient
prone with the spine extended by chest and pelvic
bolsters. Their series of 39 VCFs demonstrated simi-
lar results in sagittal correction, with an improve-
ment in Cobb and wedge angle of 6.4° and 3.7°, re-
spectively (4.7° and 3.6° in our series).

Despite the improvement of the sagittal alignment
and height restoration, we found a substantial loss of
correction of 7.0° Cobb angle from the final intraop-
erative radiograph to the most recent standing lateral
radiograph. Similarly, loss of anterior height of 8.5%
of original height was also noted. The progression of
kyphosis is difficult to interpret as deterioration of
the underlying disease like osteoposrosis also leads to
further kyphotic deformity. Another explanation for
this is the presence of persistent dynamic mobility in
the intervertebral disc space.5 Previous studies have
also suggested that fixation of microfractures in the
vertebra may be less stable in PBK compared to ver-
tebroplasty due to a lower cement injection pressure,
which results in less diffuse spreading of cement, es-
pecially into the pre-existent cracks and spaces with-
in the vertebral body.13 A study with more patients
and longer follow-up duration is warranted to deter-
mine the maintenance of sagittal alignment and ver-
tebral height post-PBK.

While our study demonstrated promising results for
this postural reduction technique, there were some
limitations to the study design. The relatively small
numbers of patients and compression fractures limit-
ed statistical analysis of some observations. More-
over, fracture morphology (wedge, crush, or bicon-
cave) and fracture reparative activity (demonstrated
by presence of oedema on T2 weighted chemical fat
suppression or short tau inversion recovery on MRI)
was not classified in our study. In addition, due to the
nature of the procedure, it was not possible to blind
interpreters to pre- and post-op observations. Specif-
ic landmarks and comparisons of the measurements
taken by the 3 interpreters were performed to reduce

any element of measurement bias. As this is not a
controlled trial comparing patients with hyper-
extension at hip and without; the confidence with
which the positioning technique can be recommend-
ed is low. Further well-conducted randomised con-
trolled trials are warranted to assess the true efficacy
of this positioning technique.

While it is believed that correction of sagittal mis-
alignment and postural deficit improves the overall
outcome of the patient, this assumption remains un-
proven and requires further critical analysis. Never-
theless, the described postural reduction technique is
able to reduce the risk of kyphosis and its related
morbidities in the short term.

Conclusion
In conclusion, we demonstrated an average Cobb and
wedge angle improvement of 4.7° and 3.6° from the
reverse Thomas position, creating a 7.8% increase in
the anterior vertebral height. Based on these results,
we confirm that pelvic anteversion in addition to hy-
perextension of the lumbar spine maximise ligamen-
totaxis of the ALL, thereby correcting sagittal align-
ment.
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