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Older patients with degenerative spinal changes
may present with loss of spinal sagittal balance,
resulting in thoracic hyperkyphosis, lumbar kyphosis,
or Flatback Syndrome.1 Individuals with excessive
thoracolumbar kyphosis reported limitations in
instrumental activities of daily living (IADL) and
lower scores in response to topics about health condi-

tions, satisfaction with human relationships and eco-
nomic conditions, and quality of life when compared
to a control group.2 Various impairments and func-
tional limitations associated with excessive kyphosis
have been reported, such as difficulty in bending,
walking, climbing, and rising from a chair.3,4 Reduc-
tion of the lumbar lordotic curve is also associated
with significant alterations in quality of life, and is
associated with a reduction in the Oswestry Disability 

Thoracolumbar Extension Mobilizations and Patients with
Excessive Thoracolumbar Kyphosis: A Quasi-Experimental
Study

Background: Loss of sagittal balance can lead to excessive thoracolumbar
(TL) kyphosis, which is a postural impairment characterized by an increase in
kyphotic curvature in these two regions of the spine. Excessive TL kyphosis
has been shown to adversely affects quality of life and activities of daily living
(ADL).
Objectives: This study aimed to investigate immediate spinal motion and
resultant postural changes after the application of single thoracic extension
mobilization. This was compared to the application of two extension mobiliza-
tions, one of which was applied to the lumbar region in the second group of
patients with excessive TL kyphosis.
Design: Quasi-experimental study.
Methods: A total of 53 participants (71.6 years, 20 male/33 female) were
recruited. All participants had greater than 40° of TL kyphosis, as measured
with a single gravity-dependent inclinometer positioned over the T1 spinous
process. One group received thoracic extension mobilization only, whereas
the other group received both thoracic and lumbar extension mobilization. 
Results: Both groups demonstrated an improvement (decrease) in the thora-
columbar kyphosis angle. The group that received thoracic mobilization alone
demonstrated a 6.46° change (P<0.0001), while the group that received both
mobilizations demonstrated a change of 11.96° (P<0.0001). Combined mobi-
lization applied to both the thoracic and lumbar regions resulted in a signifi-
cantly greater change (reduction) in TL kyphosis (5.50°, P<0.0001).
Conclusion: The results demonstrate that the addition of a second mobilization
to the lumbar region results in greater active TL extension and reduced TL
kyphosis. Clinicians treating patients with excessive kyphotic curvature should
be mindful of the contribution of the lumbar region to loss of sagittal balance.
The addition of this simple manual mobilization to the lumbar region appears
to yield better short-term improvements in patients with overly kyphotic spinal
posture.  
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Index (ODI) score, basic activities of daily living
(BADL), and IADL, such as walking, lifting, climbing,
and working in the kitchen.3,5,6

Thoracolumbar kyphosis is an anterior spinal con-
cavity typically ranging between 20-40 degrees
dependent on age and sex.7 Although greater ranges
have been reported8 excessive thoracolumbar kypho-
sis is regarded as a kyphotic angle greater than 40°.7,9

The ability to reduce one’s thoracolumbar kyphosis
can be negatively impacted by aging; individuals aged
22-29 years averaged 37.43° of active thoracic
extension motion, while individuals aged 70+ years
averaged only 11.85° of active thoracic extension.10

Two potential sources of this loss of thoracic exten-
sion have been described: 1) the kyphotic angle in the
lower thoracic region is greater in older individuals
when compared to a younger cohort, and 2) the
amount of available range of motion (ROM) in the
middle and lower thoracic regions is less in older
individuals.11 Various congenital spinal pathologies
have been shown to increase the kyphotic angle;
however, thoracic disc degeneration appears to be the
primary cause.6,11 Utilizing Magnetic Resonance
Imaging (MRI), research has determined that there
are more degenerative changes in the intervertebral
discs (IVD) of the thoracic spine with age.6 In a study
of 1407 subjects, excessive kyphosis was related to
degenerative changes in thoracic IVD’s.3

Lumbar lordosis is a posterior spinal concavity that
typically ranges from to 20-45 degrees.12 Roussouly
et al. found that the amount of lordosis ranged from
41-82 degrees when measuring between S1 and the
inflection point, which is the point where the spine
transitions from kyphosis to lordosis.13,14 The average
ROM into lumbar extension ranges from to 20-30
degrees depending upon age and sex.5 Aging is asso-
ciated with a decrease in lumbar lordosis and lumbar
range of motion (ROM).5,15 It has been shown that at
L1-L3 there was a 20% reduction in lordosis, and the
amount of lumbar extension was reduced by 31% as
age increased.15 Disc degeneration, aging, reduction of

the sacral slope (Figure 1), disc space narrowing, and
anterior wedging of the lumbar vertebral body all
contribute to the development of lumbar kyphotic
deformity, and a reduction in lordosis and extension
ROM.16-18

Multiple surgical and conservative treatment
approaches have been used to address sagittal imbal-
ance. Surgical approaches, such as vertebroplasty
and kyphoplasty19 and various anterior and posterior
fusion constructs have been used for excessive lum-
bar kyphosis.20,21 Exercise intervention has been rec-
ommended for the management of kyphotic posture.
Individuals who completed a corrective kyphosis
exercise program displayed an average reduction in
thoracolumbar kyphosis by six degrees and improve-
ments in spinal extensor muscle strength following
the conclusion of the study and in a one-year fol-
low-up.22,23 Similar improvements have been observed
in additional studies of thoracic kyphotic posture fol-
lowing therapeutic exercise intervention24,25 while
groups that completed lumbar stabilization exercises
demonstrated postural improvements and decreased
disability when compared to a control group.26 Other
combinations of interventions such as taping, exer-
cise, and manual interventions such as PA mobiliza-
tion and Kaltenborn mobilizations have been shown
to be beneficial and  may reduce the amount of tho-
racolumbar kyphosis.27-30 However, it remains unclear
how thoracic mobilization only, often the primary
focus of many clinicians treating excessive kyphosis,
compared to a combination of thoracic and lumbar
mobilizations.  
The purpose of this study was to compare the out-

comes of active spinal extension and thoracolumbar
posture in two groups of patients: one group of
patients who underwent thoracic extension mobiliza-
tion performed with patients in hook-lying position
compared to a second group who received the same
thoracic extension mobilization and a hook-lying
lumbar extension mobilization. 

Figure 1. Pelvic Incidence, Pelvic tilt, and sacral slope14
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A quasi-experimental design was used to evaluate
the immediate effects of one or two spinal extension
mobilizations in the two groups of patients with
excessive TL kyphosis. Using informational posters
placed in waiting areas, older adults with excessive
kyphotic posture were recruited from two different
outpatient orthopedic physical therapy settings. Prior
to the start of the study, all participants received
verbal information about the study and provided
written informed consent. This study was approved
by the Institutional Review Board of Oakland
University, Rochester Michigan (Figure 2).

Eligible participants were adults aged 60 years or
older who met the inclusion criteria of greater than
40 degrees of TL kyphosis, as determined by a single
inclinometer measurement technique (Figure 3). A
total of 53 participants (20 males and 33 females)
with an average age of 71 years and a range of 60-86
years were included. A coin toss was used to deter-
mine the first participant’s group assignment, and
then participants were assigned by simple alternate
assignments thereafter. A total of 26 participants

were randomly placed into the thoracic mobilization
only treatment group, and 27 were placed in the tho-
racic and lumbar mobilization treatment groups
(Table 1).

To capture the inclusion criteria measurement of
greater than 40 degrees of TL kyphosis, and both the
pre- and post-mobilization measurements, each
participant was seated at the edge of an electric
mobilization table. The table was elevated, and its
moveable head piece was angled so that each partici-
pant could sit with their feet firmly in contact with
the ground, and the hips were positioned at 60
degrees of flexion. A standard goniometer was used
to ensure hip positioning, as high reliability of gonio-
metric assessment of hip flexion has been reported.31

A fluid-filled inclinometer was set to the zero-posi-
tion using an adjacent wall prior to placing it on each
participant. The T1 spinous process (SP) was found by
palpating the first rib and manually tracing it medial
to the tip of the SP.32

At this point, each participant was instructed to lift
his/her chest up and forward fully and arch his/her
lower back. Tactile cueing of the manubrium and T7-
T8 spinal level assisted each participant in their most
upright postural position. After achieving this
position, the inclinometer was placed over the T1 SP 

SUBJECTS AND METHODS

Study Design

Figure 2. Flow chart

Participants

Mobility and posture assessment
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(Figure 3). Equal pressure was exerted on each foot
of the inclinometer to ensure accurate and consistent
measurement. Prior studies have demonstrated that
inclinometers have excellent intrarater reliability.33,34

This positioning method and inclinometer placement
were used for each participant in both groups. All
measurements were performed by the primary inves-
tigator, a Physical Therapist with 37 years of clinical
experience, who held an Orthopedic Manual Physical
Therapist certificate. The PI was not blinded to the
measurements or participant group assignment.

Thoracic Mobilization Group
Participants assigned to the “thoracic only extension

mobilization group” received 30 seconds of manual
extension. One 10-second extension mobilization was
applied sequentially to the T6, T7, and T8 segments.
A pool noodle with a wooden dowel inserted served as
the fulcrum point, over which each of the three mid-
thoracic segments was extended. A dowel-enhanced
pool noodle offers a comfortable means to deliver
semi-specific stabilization of the caudal vertebrae of
a particular segment and passive angular movement
in the direction of extension of the cranial vertebrae
of the segment (Figure 4). After this series of three
total thoracic mobilizations was applied, each partici-
pant returned to the seated measurement position,
and inclinometry was repeated at T1. This ended the
participation.

Combined Thoracic and Lumbar Mobilization Group
All participants assigned to the “thoracic and lumbar

extension mobilization group” first received the same
thoracic extension mobilization applied to the T6-T8
segments. Each participant in this group also under-
went lumbar extension mobilization (Figure 5). For
this mobilization procedure, participants were placed
in a hook-lying position, and an extension mobi-
lization force was applied to the thoracolumbar,
mid-lumbar, and lower lumbar regions. Extension
was held for 10 s in each of the three regions for a
total of 30 s. During this lumbar mobilization, passive
lumbar extension was achieved as follows: the par-
ticipant was instructed to first actively perform a
bridging maneuver and then lower their lumbar
region down onto the investigator's proximal forearm. 

Figure 3. Inclinometer placed over the T1 spinous process
for measurement of thoracolumbar kyphosis

Figure 4. Thoracic extension mobilization

Figure 5. Lumbar extension mobilization

Interventions
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As the patient sets their lumbar region onto the clini-
cian’s forearm, a semi-specific lumbar extension
motion occurs over the forearm. In addition, the
investigators’ forearm was placed just distal to the
participants’ ASIS. This distal forearm pressed lightly
in the posterior direction, which assisted in passively
producing an anterior pelvic tilt. Anterior pelvic tilt-
ing provides an additional passive lumbar extension
force over the proximal forearm (Figure 5). This
mobilization was performed as documented in
Evjenth’s text.35 All mobilizations were performed by
the primary investigator, a Physical Therapist with 37
years of clinical experience who held an Orthopedic
Manual Physical Therapist certificate.

All data were analyzed in aggregate form using
quantitative statistics in SPSS v 26.0 (IBM, Chicago,
IL.). Descriptive statistics, including means and stan-
dard deviations, were used to characterize the study
participants where appropriate. Data were assessed
for the required assumptions, including normality,
using visual analysis of boxplots, histograms, and Q-
Q plots. Groups were assessed using tests of differ-
ence; independent samples t-tests were used to
assess baseline differences in age and ROM, and
baseline differences in sex were assessed using
Fisher’s Exact Test. Within-group differences in
ROM were assessed using paired t-tests, and
between-group differences were assessed using
independent sample t-tests. 

The primary outcome of interest was immediate
improvement in the active thoracic extension meas-
urement. The secondary outcome of interest was
whether the improvement in active thoracic extension
facilitated an improvement in thoracolumbar kyphosis
measurement. Mobilization techniques were intended
to deliver a comfortable and effective, albeit non-
specific, stretch into extension. None of the patients
reported any adverse reactions. The participant
demographics are presented in Table 1. There were no
significant differences between the groups at base-
line. 
There were significant differences within the groups

in the seated active spinal extension immediately fol-
lowing the application of mobilization. The “thoracic
extension mobilization group” demonstrated improved
ROM of 6.46°±1.63, 95% CI [5.80,7.12], P<0.0001.
The “thoracic and lumbar extension mobilization
group” demonstrated improvements of 11.96°±4.21,
95% CI [10.30,13.63], P<0.0001. There were signifi-
cant between-group differences, with the group
receiving mobilization in both spinal regions demon-
strating significantly greater gains in active spinal
extension, 5.50°±0.88, [3.73,7.27], P<0.0001 with a
resulting large effect size, d=1.71,95% CI [1.07,2.34]
(Table 2).

The purpose of this study was to determine whether
the addition of a second mobilization procedure

Data Analysis

Thoracic and Lumbar Treatment GroupDemographic Data Thoracic Only Treatment Group P-value

Total Participants

Average Age (years)

Gender

27

71.89 ± 6.76

9 Male

18 Female

26

71.42 ± 12.87

11 Male

15 Female

0.871

0.577

Table 1. Group assignments

RESULTS

Group 
Assignment

Pre-mobilization
thoracolumbar

extension

Post-mobilization
thoracolumbar

extension

Improvement in
thoracolumbar

extension
Within group
differences

Between
group 

differences

Thoracic Mobilization

Group

Thoracic and lumbar
mobilization Group

44.85° ± 4.39

44.96° ± 5.35

38.38° ± 4.27

33.00° ± 5.24

6.46° ± 1.63

[5.80,7.12]

11.96° ± 4.21

[10.30,13.63]

P<0.0001

P<0.0001

5.50°±0.88
[3.73,7.27]
P<.0001

d=1.71
[1.07,2.34]

Table 2. Improvement in active thoracolumbar extension

DISCUSSION
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applied to the lumbar region would assist in improv-
ing (increasing) spinal extension and thereby reduce
excessive kyphosis in a group of elderly patients
compared to the use of thoracic extension mobiliza-
tion alone. The data indicated that both mobilization
procedures increased active spinal extension, which
assisted patients in improving (reducing) their pos-
tural kyphosis. The addition of the second lumbar
extension mobilization resulted in a significantly
greater gain.
The 53 participants in this study favorably represent

“older” patients who may seek conservative care for
spinal pain, stiffness, and postural impairments. The
literature supports the anatomical correlation
between the increasing incidence of IVD degeneration
with increasing age and various postural and spinal
ROM impairments.3,6,11 Prior studies have demon-
strated that progressive thoracolumbar kyphosis
increases with increasing age.10,11 Data from the 2020
Census show that the baby boom generation (1946–
1964) is estimated to be about 73 million individuals.
By the year 2030 all boomers will turn 65.36 It is esti-
mated that 20-40% of adults aged 60 and above
demonstrate an increased thoracolumbar kyphosis.37

From a societal perspective, it is expected that the
proportion of older patients will continue to increase,
and there is a need for research into spinal mobiliza-
tion techniques which may be suitable and beneficial
for this segment of the population. While there are
multiple studies documenting the positive effects of
therapeutic exercise on thoracolumbar kyphosis38-40

our study suggests that these simple to perform,
generally pain-free, mobilization techniques are also
of great benefit.

The two manual interventions investigated in this
study were performed with patients placed in a
hook-lying position, which is a position that is well
tolerated by the elderly. Ten-second passive exten-
sion mobilizations were applied over three thoracic
segments and over three different areas in the lum-
bar region. Provided in this fashion, these techniques
require little equipment and are quite time-efficient
for clinicians who work with individuals presenting
with kyphotic postural impairments. As an additional
benefit to patients with excessive TL kyphosis, both
thoracic and lumbar manual interventions can be
easily taught to patients as self-mobilization exercise
techniques performed in the same hook-lying posi-
tion incorporating a swimming noodle and dowel.
There are several limitations to consider when inter-
preting this study. First, the interventions only
occurred in a single session, and there was no long-
term follow-up to assess the carryover of results.

During this session, the overall dose (10 s per seg-
ment × 3 segments) was lower than the typical clini-
cal application of mobilization. It is not clear whether
greater treatment durations would result in different
outcomes. Second, the PI performed both pre- and
post-measurements, as well as all interventions.
While this eliminates the possibility of inter-rater
error for both measurements and mobilizations, it
could introduce the possibility of measurement bias.

The findings of this study support the use of these
two-hook-lying passive extension mobilization tech-
niques to improve (reduce) excessive thoracolumbar
kyphosis. Hyperkyphotic postures have been shown
to have adverse effects on the basic and instrumental
activities of daily living. The authors believe that
these two manual interventions are safe, comfortable,
easy to learn, time-efficient, and effective at
improving (increasing) active thoracolumbar exten-
sion and reducing kyphotic deformity in the immedi-
ate term. The effectiveness of these two manual
interventions should be longitudinally evaluated. 

The authors declared no potential conflicts of inter-
est with respect to the research, authorship, and/or
publication of this article.

The dataset is available from the corresponding
author upon reasonable request.

CONCLUSION

This study was performed using two groups of
older patients who are representative of indi-
viduals who, because of the aging process and
intervertebral disc degeneration, may develop
spinal kyphotic deformities. 
This study incorporated an additional lumbar
extension mobilization technique that is easy to
apply and enhances the overall treatment effect
in terms of improving spinal extension mobility,
thereby further assisting in reducing thora-
columbar kyphosis.
Population demographics indicate a need for
effective manual conservative care interventions
that address excessive kyphosis in the older
population.
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