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Abstract
Background Currently, the functional status of patients
undergoing spine surgery is assessed with quality-of-life
questionnaires, and a more objective and quantifiable

assessment method is lacking. Dr. Jean Dubousset concep-
tually proposed a four-component functional test, but to our
knowledge, reference values derived from asymptomatic

Each of the following authors certify that he or she has no commercial associations (e.g., consultancies, stock ownership, equity interest,
patent/licensing arrangements) that might pose a conflict of interest in connection with the submitted article: BGD, VC, NVS, DK, DPM, and JJK. One
of the authors (RL) reports stock or stock options of USD 10,000 to 100,000 from Nemaris Inc. (New York, NY). One of the authors (CBP) reports
personal/speaker/consulting fees of less than USD 10,000 from DePuy Synthes/Ethicon (Raynham, MA). One of the authors (PGP) reports personal
fees of less than USD 10,000 from SpineWave (Spine Wave, Inc., Shelton, CT), personal fees of less than USD 10,000 from Medicrea (Medicrea
International, Rillieux-la-Pape, France), personal fees of less than USD 10,000 from Zimmer Biomet (Warsaw, IN), grants of less than USD 10,000 from
the Cervical Spine Research Society (Rosemont, IL), teaching and/or speaking fees of less than USD 10,000 from Globus Medical (Audubon, PA),
grants of less thanUSD 10,000 fromAesculap (Center Valley, PA), outside the submittedwork. One of the authors (VL) reports grants of USD 10,000 to
100,000 from the Scoliosis Research Society* (Milwaukee, WI), grants of USD 10,000 to 100,000 fromNuVasive* (San Diego, CA), grants of USD 10,000
to 100,000 fromK2M* (Leesburg, VA), grants of USD 100,000 to 1,000,000 fromDePuy*, personal fees of less thanUSD 10,000 fromK2M, personal fees
of less than USD 10,000 from DePuy Spine (Raynham, MA), personal fees of less than USD 10,000 from Globus Medical, personal fees fromMedicrea,
personal fees from Zimmer Biomet, personal fees of less than USD 10,000 from MSD (Kenilworth, NJ), and grants of USD 10,000 to 100,000 from
Stryker* (Allendale, NJ), outside the submittedwork (*paid through the International Spine Study Group Foundation, Denver, CO). One of the authors
(FJS) reports grants of USD 10,000 to 100,000 from NuVasive*, grants of USD 10,000 to 100,000 from K2M*, grants of USD 100,000 to 1,000,000 from
DePuy Synthes*, grants of USD 10,000 to 100,000 from Stryker*, personal fees of USD 10,000 to 100,000 from K2M, personal fees of less than USD
10,000 from Medicrea, personal fees of USD 100,000 to 1,000,000 from Zimmer Biomet, personal fees of USD 100,000 to 1,000,000 from MSD, and
personal fees of USD 10,000 to 100,000 from Globus Medical, outside the submitted work (*paid through the ISSGF).
All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research® editors and board members are on file with the
publication and can be viewed on request.
Each author certifies that his or her institution approved the human protocol for this investigation and that all investigations were conducted in
conformity with ethical principles of research.
This work was performed at the Department of Orthopaedic Surgery and Rehabilitation Medicine, State University of New York, Downstate Medical
Center, Brooklyn, NY, USA.

B. G. Diebo, N. V. Shah, D. Kim, D. P. Murray, C. B. Paulino, Department of Orthopaedic Surgery and Rehabilitation Medicine, State University of New
York, Downstate Medical Center, Brooklyn, NY, USA
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individuals have not yet been reported, and these are needed
to assess the test’s clinical utility in patients with spinal
deformities.
Questions/purposes (1) What are the reference values for
the Dubousset Functional Test (DFT) in asymptomatic
people? (2) Is there a correlation between demographic
variables such as age and BMI and performance of the DFT
among asymptomatic people?
Methods This single-institution prospective study was
performed from January 1, 2018 to May 31, 2018.
Asymptomatic volunteers were recruited from our college
of medicine and hospital staff to participate in the DFT.
Included participants did not report any musculoskeletal
problems or trauma within 5 years. Additionally, they did
not report any history of lower limb fracture, THA, TKA,
or patellofemoral arthroplasty. Patients were also excluded
if they reported any active medical comorbidities. De-
mographic data collected included age, sex, BMI, and self-
reported race. Sixty-five asymptomatic volunteers were
included in this study. Their mean age was 426 15 years;
27 of the 65 participants (42%) were women. Their mean
BMI was 26 6 5 kg/m2. The racial distribution of the
participants was 34% white (22 of 65 participants), 25%
black (16 of 65 participants), 15% Asian (10 of 65 partic-
ipants), 9% subcontinental Indian (six of 65 participants),
6% Latino (four of 65 participants), and 10% other (seven
of 65 participants). In a controlled setting, participants
completed the DFT after verbal instruction and demon-
stration of each test, and all participants were video
recorded. The four test components included the Up and
Walking Test (unassisted sit-to-stand from a chair, walk
forward/backward 5 meters [no turn], then unassisted
stand-to-sit), Steps Test (ascend three steps, turn, descend
three steps), Down and Sitting Test (stand-to-ground, fol-
lowed by ground-to-stand, with assistance as needed), and
Dual-Tasking Test (walk 5 meters forwards and back while
counting down from 50 by 2). Tests were timed, and data
were collected from video recordings to ensure consis-
tency. Reference values for the DFT were determined via a
descriptive analysis, andwe calculated themean, SD, 95%CI,
median, and range of time taken to complete each test com-
ponent,with univariate comparisons betweenmen andwomen
for each component. Linear correlations between age andBMI
and test components were studied, and the frequency of verbal
and physical pausing and adverse events was noted.
Results The Up and Walking Test was completed in a
mean of 15 seconds (95% CI, 14-16), the Steps Test was
completed in 6.3 seconds (95% CI, 6.0-6.6), the Down and
Sitting Test was completed in 6.0 seconds (95% CI,
5.4-6.6), and the Dual-Tasking Test was performed in 13
seconds (95% CI, 12-14). The length of time it took to
complete the Down and Sitting (r = 0.529; p = 0.001), Up
and Walking (r = 0.429; p = 0.001), and Steps (r = 0.356;
p = 0.014) components increased with as the volunteer’s

age increased. No correlation was found between age and
the time taken to complete the Dual-Tasking Test (r =
0.134; p = 0.289). Similarly, the length of time it took to
complete the Down and Sitting (r = 0.372; p = 0.005), Up
and Walking (r = 0.289; p = 0.032), and Steps (r = 0.366;
p = 0.013) components increased with increasing BMI; no
correlation was found between the Dual-Tasking Test’s
time and BMI (r = 0.078; p = 0.539).
Conclusions We found that the DFT could be completed by
asymptomatic volunteers in approximately 1minute, although
it took longer for older patients and patients with higher BMI.
Clinical Relevance We believe, but did not show, that the
DFT might be useful in assessing patients with spinal
deformities. The normal values we calculated should be
compared in future studies with those of patients before and
after undergoing spine surgery to determine whether this
test has practical clinical utility. The DFT provides objec-
tive metrics to assess function and balance that are easy to
obtain, and the test requires no special equipment.

Introduction

Spinal deformities in adults do not only manifest as
structural bony malalignment of the spine in one or more
planes, they may also be associated with deterioration of
the muscles of the spine, pelvis, or lower limbs, as well as
with overall body-balance compromise [1, 7, 11, 27]. Al-
though standardized patient-reported outcome ques-
tionnaires are helpful in gauging some endpoints patients
feel are important, they fall short in terms of objective
measurements of function or disability [36]. Therefore,
using a simple clinical tool that simultaneously evaluates
multiple domains contributing to spinal alignment, muscle
integrity, and body balance may be helpful in stratifying
the risk of deformities in adult patients, tracking surgical
outcomes, and perhaps anticipating complications.

Recently, in personal communication with the second
author of this paper (VC), Dr. Jean Dubousset conceptually
proposed a practical four-component global functional
assessment test—the Dubousset Functional Test (DFT)—
to objectively quantify the functional capacity of adults
with spinal deformities [7, 8]. The DFT includes the fol-
lowing components: getting up from a chair that does not
have arms and walking 5 meters forward and 5 meters
backward, climbing steps, sitting down on the floor from a
standing position, and a dual-tasking test, in which the
participant walks while simultaneously counting down
from 50. We believe measuring objective functional end-
points this way is important because our current methods of
assessment lack a quantifiable measure of functional per-
formance, instead relying upon correlations between
patient-reported functionality and measures of static
alignment. We also believe that the specific metrics
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Dr. Dubousset proposed are likely good to measure be-
cause they evaluate the functionality of spinopelvic muscle
groups that are directly involved in maintaining global
alignment of the trunk. Adding a dual-tasking component
enables us to evaluate coordination and balance, which are
necessary elements for patients undergoing corrective
procedures for deformities and who are expected to adapt
to a new alignment. However, normative values in patients
without spinal conditions have not been reported for the
DFT. Having such values and determining whether patient
factors such as age or BMI influence these normative val-
ues is important if we ultimately seek to evaluate the value
of the test in patients with spinal deformities.

We therefore asked (1)What are the reference values for
the DFT in asymptomatic people? (2) Is there a correlation
between demographic variables such as age and BMI and
performance of the DFT among asymptomatic people?

Materials and Methods

Study Design and Setting

We performed this prospective study at a single institution
from January 1, 2018 to May 31, 2018. We obtained in-
stitutional review board approval (Study #1111613-2).

Participants

Asymptomatic adult volunteers (older than 18 years) were
recruited from our college of medicine and hospital staff to
complete all four components of the DFT in a single session.
Volunteers provided consent before any component of this
study was conducted. Asymptomatic volunteers were de-
fined as those without any of the following: recent muscu-
loskeletal trauma (within the past 5 years); neurologic
impairment; current neck or back pain that affected activities
of work, daily living, or participation in social activities or for
which narcotic medication was given; and history of spine
surgery, THA or TKA, pregnancy, inflammatory arthritis,
congenital anomalies, active infection, primary or metastatic
tumor, end-stage organ damage, and uncontrolled diabetes
mellitus or cardiovascular disease. Before performing any
single component of the DFT, volunteers were given an in-
structional session in a controlled setting that incorporated
detailed verbal instruction and a personal demonstration of
the DFT component we expected them to perform.

Description of Experiment, Treatment, or Surgery

The four components of the DFT included (1) the Up and
Walking Test: participants rose without assistance from a

seated position in a chair that did not have arms, walked 5
meters (500 cm) forward before stopping, walked back-
wards 5 meters, and sat again without assistance; (2) the
Steps Test: from a starting position 50 cm away, volunteers
climbed three stairs, turned around on the third step (top),
and walked down the three steps; (3) Down and Sitting
Test: from a standing position, participants sat on the
ground and stood up again, using assistance as needed; (4)
Dual-Tasking Test: participants walked 5 meters forward,
turned around, and walked 5 meters back to the starting
position while performing a working memory test (count-
ing down from 50 by intervals of 2).

The rationale for using the Up and Walking and Steps
Tests is that they were found to correlate with functional
impairment and predict surgical outcomes [21, 22, 28]. The
Down and Sitting Test may help evaluate the patient’s
ability to rise to an erect, bipedal, and balanced posture.
Dr. Dubousset thought the Dual-Tasking Test was impor-
tant because any interference between mental activity and
postural control may be related to global body capacity [30,
31]. We believe that timing each of these tests is important
(as opposed to, for example, seeing whether a patient can
simply complete them or complete them in a reasonable
amount of time) because it helps adjust performance by
demographic variables such as age, gender, and comor-
bidities. It also enables us to investigate improvements
before and after treatments as well as study minimal clin-
ically important differences in future studies.

Equipment for the DFT components included a three-
step apparatus that was designed and built in our institu-
tion’s carpentry workshop to perform the Steps Test (Fig.
1). In the Up and Walking Test, a chair was precisely
placed 30 cm away from two lines of bright blue marking
tape set 5 meters apart (Fig. 2). This same set of markers
was used for the Dual-Tasking Test. In the Down and
Sitting Test, we used a foam pad (Gopher Sport, Owatonna,
MN, USA) (Fig. 3).

Variables, Outcome Measures, Data Sources, and Bias

We obtained data on patient demographics, including age,
height, weight, and self-reported race. Sixty-five asymp-
tomatic volunteers met the requirements for inclusion in
this study. The mean age of the volunteers was 42 6 15
years, and 27 of the 54 volunteers (42%) were women. The
mean BMI was 266 5 kg/m2. The racial distribution of the
participants was 34% white (22 of 65 participants), 25%
black (16 of 65 participants), 15% Asian (10 of 65 partic-
ipants), 9% subcontinental Indian (six of 65 participants),
6% Latino (four of 65 participants), and 10% other (seven
of 65 participants).

All volunteers were only provided with verbal instruc-
tions and a physical demonstration by the observer or rater
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before each DFT component. All participants performed
each test component in a single attempt.We video recorded
volunteers as they performed the components of the DFT,
and we analyzed the videos to collect data and assess for
consistency in sequential performance of the test protocol
(verbal instruction followed by physical demonstration,
and subsequent test performance by the volunteer for each
test component).

The primary outcomes included the time it took to
complete each test, including the time it took to perform
various factors in each test. In addition, we analyzed the

video recordings for any mistakes made by the volunteers
while performing the tests, including, but not limited to,
errors in countdown or passing the blue markers and
boundary lines. Two of the coauthors (BGD and NVS)
independently analyzed the video recordings and calcu-
lated means for all outcomes. In the Dual-Tasking com-
ponent, we evaluated physical and verbal pauses that
occurred during testing, and the time of their occurrence
was determined by quartile range in the test cycle. In
addition, for the Dual-Tasking Test, we documented the
counting rhythm and final count after the test was

Fig. 1 A three-step apparatus was designed and built for the Steps Test. Depicted is a side
view of all steps (top), along with a birds-eye view of the top platform (left) and first and
second step (right).

Fig. 2 A lateral view of the testing setup for the Up andWalking Test andDual-Tasking Test is shown. A chair was placed 30 cm away
from the starting marker. A second marker was placed 5 meters (500 cm) away from the first marker. Volunteers rose unassisted
from the chair to complete the Up and Walking Test. For the Dual-Tasking Test, volunteers started from a standing position behind
the first marker. For both tests, participants were instructed to not pass the second marker.
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completed. Lastly, we recorded adverse events such as
loss of balance (with or without falling) or difficulty
performing the tests.

Statistical Analysis, Study Size

Data were organized in spreadsheets usingMicrosoft Excel
2016 (Microsoft Corp., Redmond, WA, USA). Statistical
and descriptive analyses were conducted using SPSS

software version 24.0 (IBM Corp., Armonk, NY, USA). A
univariate analysis included descriptive means, SDs, 95%
CIs, and the median and range for the time it took for
participants to perform each component of the DFT. A
t-test was used to compare DFT performance between men
and women. Pearson’s correlation analysis was used to
investigate linear correlations between age and BMI and
DFT components. Specific to the Dual-Tasking Test, we
determined the frequency of verbal and physical pauses.
We also reported the frequency of adverse events. A p
value less than 0.05 was the threshold for statistical
significance.

Results

What are the Reference Values for the DFT in
Asymptomatic People?

The Up and Walking Test was completed in a mean of 15
seconds (95% CI, 14-16), the Steps Test was completed in
6.3 seconds (95% CI, 6.0-6.6), the Down and Sitting Test
was completed in 6.0 seconds (95% CI, 5.4-6.6), and the
Dual-Tasking Test was completed in 13 seconds (95% CI
12-14) (Fig. 4).

Fig. 3 This image shows the foam pad used in the Down and
Sitting Test.

Fig. 4 The mean and SD for the duration, in seconds, of each component of the DFT are
visually depicted, with expanded descriptive statistics below.
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Is there a Correlation Between Demographics and
Performance of the DFT Among
Asymptomatic People?

The time it took to complete all four components did not
differ between men and women (Table 1). The length of
time taken to complete the Down and Sitting (r = 0.529; p =
0.001), Up and Walking (r = 0.429; p = 0.001), and Steps
(r = 0.356; p = 0.014) test components of the DFT increased
as the volunteer’s age increased. No correlation was found
between age and the time taken to complete the Dual-
Tasking Test (r = 0.134; p = 0.289). Similarly, the length of
time it took to complete the Down and Sitting (r = 0.372;
p = 0.005), Up and Walking (r = 0.289; p = 0.032), and
Steps (r = 0.366; p = 0.013) test components of the DFT
increased as the BMI of the volunteer increased, yet no
correlation was found between the Dual-Tasking Test’s
time and BMI (r = 0.078; p = 0.539).

Other Relevant Findings

An analysis of the Dual-Tasking Test revealed that patients
stopped verbally counting downward from an average of
50 to a mean of 306 5.3 by the time they finished the test.
During the Dual-Tasking Test, eight of the 65 participants
(12%) physically paused, with 56 (88%) of these pauses
occurring during the turning phase. A verbal pause, stutter,
or error in counting was seen in 21 of the 65 participants
(32%), with 40 (62%) of these verbal errors also occurring
during the turning phase of the cycle. Two participants
(3%) lost their balance without falling during the Dual-
Tasking Test, and one (2%) abruptly landed while finishing
the Down and Sitting Test.

Discussion

Recent advances in the radiographic analysis of spinal
deformities in adults have led to the establishment of
parameters that can explain more than 25% of patients’
reported health-related quality of life (HRQOL) outcomes
[2, 6, 32–34, 40]. Although proposed realignment targets
resulting from this work represent a remarkable step in the
management of spinal deformities, factors such as patient
frailty, muscle integrity, and neurosensory function that

correlate with HRQOL have not been systematically
assessed in spine care [1, 25–27, 35, 38, 39]. Current
methods of assessing functional status are largely sub-
jective and rely on patient-reported outcome questionnaires
[5, 12, 14, 24, 37, 42]; thus, a new model of testing pro-
posed by Dr. Jean Dubousset may offer a more objective
approach to assessing physical function, trunk and lower-
limb muscle integrity, balance, and dual-tasking, elements
that are difficult to capture in questionnaires. The present
study prospectively evaluated the DFT in asymptomatic
volunteers, finding that it could be implemented in a timely
manner with no specialized equipment, with all test com-
ponents completed in an average of 40 seconds, excluding
transition time. Older patients and those with a higher BMI
required longer times to complete all test components aside
from the Dual-Tasking Test. The combination of these four
testing components into a single functional assessment
offers a unique tool compared with other physical function
tests described in previous studies [3, 9, 10, 15, 17, 19–21,
28, 41].

A limitation to the present study was the selection
method to recruit volunteers. Participation relied on vol-
unteerism among individuals from our college of medicine
and hospital staff, introducing a potential selection bias by
limiting participation to individuals from specific institu-
tions. However, Ganguli et al. [13] evaluated selection
methods and found that the volunteer method of re-
cruitment was more likely than a randomized recruitment
method to include educated women who used health care
services infrequently. Our findings may not be generaliz-
able to populations that differ markedly from the one we
assessed in terms of age, sex, race, and BMI. We recom-
mend that future studies seek to replicate or refute our
findings in other populations to refine the normative data
for later comparisons with populations of patients with
spinal deformities. In addition, we believe the sample size
used in this study was a limitation to the study’s general-
izability; with a sample size of 65, we were unable to make
comparisons across the various subgroups of demographic
parameters we chose to study, including age, sex, race, and
BMI. Although it would be useful to define parameters for
this test across these groups, it is important to remember
that this is the first study to use this combination of specific
functional tests, serving as a pilot study upon which to
build. We sought to perform the DFT in a demographically
diverse population; we believe we were successful in that

Table 1. Comparison between men and women in the performance of each component of the DFT

Parameter Up and Walking Test Steps Test Down and Sitting Test Dual-Tasking Test

Gender Men Women Men Women Men Women Men Women

Mean duration of test 6 SD (s) 15 6 3.5 15 6 3.1 6.3 6 1.2 6.4 6 1.4 5.9 6 2.3 6.2 6 2.7 13 6 3.4 13 6 2.5

p value 0.411 0.798 0.614 0.677
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regard, and we will continue to enroll more asymptomatic
participants to establish normative reference values in
various subgroups. In line with this concern, the sample
size was not large enough to establish the safety of this test
[23]. Given the occurrence of imbalance during testing as
well as a drop to the ground towards the end of the Down
and Sitting Test, it is important to further enroll participants
to better study the safety of this test, especially when
considering the potential difficulties patients with spinal
deformities may encounter during testing.

Another limitation of this study was the use of a single
observer or rater in performing the test. Therefore, inter-
rater and intra-rater reliability were not determined. Al-
though we ensured consistency in the sequence of
instructions and tests and checked it with video, the lack of
test reproducibility for a single rater or across different
raters is important, and we are actively addressing this
issue.

We found that asymptomatic volunteers could complete
the DFT in less than 1 minute, and the test did not require
specialized equipment. This test is a powerful and efficient
assessment method that can easily be incorporated into any
practice setting, given its low cost and quick nature. This
test could build on established functional assessments and
complement validated patient-reported outcome tools to
provide a more complete assessment of patients with spinal
deformities. The Timed Up and Go test is similar to the Up
and Walking component of the DFT. It has been proven to
be a more sensitive measure of preoperative status and
predictor of postoperative course than patient-reported
outcome measures, including the VAS and EuroQol 5D
[15, 17, 19, 21]. Moreover, it has been used to identify
patients who might use an assistive device 6 months after
THA [29]. The Steps Test resembles the stair climb test
used in patients with hip and knee osteoarthritis [3, 9, 10].
Among the few who have studied preoperative stair
climbing in patients undergoing spine surgery, Nakashima
et al. [28] performed a 10-second “step” test and demon-
strated that the number of steps climbed reflected surgical
outcomes and predicted lower limb function. Sit-to-stand
and stand-to-sit tests assess spinal balance and functional
mobility, paralleling the Down and Sitting Test; the sit-to-
stand test has been shown to be reliable in assessing
functional instability in patients with degenerative lumbar
spinal conditions [41]. Similar to the Dual-Tasking com-
ponent of the DFT, Hemmati et al. [20] demonstrated that
patients with chronic low back pain had impaired static and
dynamic balance when performing the test. The Dual-
Tasking Test also reflects coordination and balance, which
are closely linked to spinal alignment and proprioceptive
control of new posture [20]. In this component of the DFT,
physical and verbal pausing was reported in one of 10 and
one of three of participants, respectively, and most pauses
occurred during the turning phase. Similarities between the

four DFT components and other studied functional assess-
ment methods support the idea that this all-encompassing
assessment tool may improve the outcomes of surgery in
adults with spinal deformities. Moreover, its multifaceted
nature, compared with established functional assessments,
combined with its low cost, limited use of space, and short
time requirements may improve its utility as a comprehen-
sive tool for a busy spinal care practice. Future studies
should assess its safety aswell as the correlation between test
components, HRQOL measures, and patient-reported out-
come questionnaires in patients with spinal conditions.

We found that older patients and patients with higher
BMIs completed the DFT more slowly than younger
patients and patients with lower BMIs, but we found no
differences between men and women. This is an important
finding because it demonstrates that the DFT components
overcome sex bias in their functional assessment of
asymptomatic participants. In studies of patients with de-
generative disc disease, Gautschi et al. [16, 18] demon-
strated that unlike HRQOL measures such as the VAS,
Oswestry Disability Index, EuroQol-5D, and SF-12, the
Timed Up and Go test did not demonstrate sex differences
when assessing for the presence and degree of objective
functional impairment. The findings related to age are
supported by previous functional assessment studies.
Butler et al. [4] evaluated age and sex differences in seven
functional mobility tests, including stair ascent/descent and
6-meter walk tests, and showed that older asymptomatic
participants performed worse than younger participants did
in all seven tests. Their subanalysis by age demonstrated
that older women performed worse than older men, while
this difference was not observed between younger men and
women [4]. The present study integrated four functional
assessments with similarities to established tests, and the
trends observed in the data are supported by previous
studies, although the correlation between increased BMI
and lengthier test performance have not been reported.
Echoing this study’s limitations, it will be important for
future studies of the DFT to stratify groups by age, sex,
race, and BMI to identify any differences across these
groups in reference values before it is used for assessing
patients with spinal conditions.

The DFT is a novel functional test that can be com-
pleted in normal volunteers in approximately 1 minute,
although it took longer in older patients and patients
with a higher BMI. Further research will determine if
using preoperative functional scores such as the DFT may
become protocol for detecting differences between
healthy people and patients with a variety of spinal dis-
orders that are not easily captured using traditional ra-
diographic parameters or patient-reported outcome
measures. Future research is underway to investigate this
test’s utility in predicting the surgical and clinical out-
comes of patients with spinal conditions.

Volume 477, Number 10 The Dubousset Functional Test 2313

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



Acknowledgments We thank Frank Fasano MAMS, medical illus-
trator, for preparing artwork for this manuscript.

References

1. Amabile C, Moal B, Chtara OA, Pillet H, Raya JG, Iannessi A,
Skalli W, Lafage V, Bronsard N. Estimation of spinopelvic
muscles’ volumes in young asymptomatic subjects: a quantita-
tive analysis. Surg Radiol Anat. 2016;39:1-11.

2. Bao H, Varghese J, Lafage R, Liabaud B, Diebo BG, Ram-
chandran S, Day L, Jalai C, Cruz D, Errico T, Protopsaltis T,
Passias P, Buckland A, Qiu Y, Schwab F, Lafage V. Principal
radiographic characteristics for cervical spinal deformity:
a health-related quality of life analysis. Spine (Phila Pa 1976).
2017;42:1375-1382.

3. Bennell K, Dobson F, Hinman R. Measures of physical perfor-
mance assessments: Self-Paced Walk Test (SPWT), Stair Climb
Test (SCT), Six-Minute Walk Test (6MWT), Chair Stand Test
(CST), Timed Up & Go (TUG), Sock Test, Lift and Carry Test
(LCT), and Car Task. Arthritis Care Res (Hoboken). 2011;63:
S350-S370.

4. Butler AA, Menant JC, Tiedemann AC, Lord SR. Age and
gender differences in seven tests of functional mobility.
J Neuroeng Rehabil. 2009;6:31.

5. Deyo RA. Measuring the functional status of patients with low
back pain. Arch Phys Med Rehabil. 1988;69:1044-1053.

6. Diebo BG, Oren JH, Challier V, Lafage R, Ferrero E, Liu S, Vira
S, Spiegel MA, Harris BY, Liabaud B, Henry JK, Errico TJ,
Schwab FJ, Lafage V. Global sagittal axis: a step toward full-
body assessment of sagittal plane deformity in the human body.
J Neurosurg Spine. 2016;25:494-499.

7. Diebo BG, Shah NV, Pivec R, Naziri Q, Patel A, Post NH, Assi
A, Godwin EM, Lafage V, Schwab FJ, Paulino CB. From static
spinal alignment to dynamic body balance: utilizing motion
analysis in spinal deformity surgery. JBJS Rev. 2018;6:e3.

8. Diebo BG, ShahNV, Stroud SG, Paulino CB, Schwab FJ, Lafage
V. Realignment surgery in adult spinal deformity: prevalence and
risk factors for proximal junctional kyphosis. Orthopäde. 2018;
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M, Thomé C. Analysis of a performance-based functional test in
comparison with the visual analog scale for postoperative out-
come assessment after lumbar spondylodesis. Eur Spine J. 2016;
25:1620-1626.

20. Hemmati L, Rojhani-Shirazi Z, Malek-Hoseini H, Mobaraki I.
Evaluation of static and dynamic balance tests in single and dual
task conditions in participants with nonspecific chronic low back
pain. J Chiropr Med. 2017;16:189-194.

21. Joswig H, Stienen MN, Smoll NR, Corniola M V, Chau I,
Schaller K, Hildebrandt G, Gautschi OP. Patients’ preference of
the timed up and go test or patient-reported outcome measures
before and after surgery for lumbar degenerative disk disease.
World Neurosurg. 2017;99:26-30.

22. Laflamme GY, Rouleau DM, Leduc S, Roy L, Beaumont E. The
Timed Up and Go test is an early predictor of functional outcome
after hemiarthroplasty for femoral neck fracture. J Bone Joint
Surg Am. 2012;94:1175-1179.

23. Leopold SS. Editorial: When “safe and effective” becomes
dangerous. Clin Orthop Relat Res. 2014;472:1999-2001.

24. Mayer T, Tabor J, Bovasso E, Gatchel RJ. Physical progress and
residual impairment quantification after functional restoration.
Part I: lumbarmobility. Spine (Phila Pa 1976). 1994;19:389-394.

25. Miller EK, Neuman BJ, Jain A, Daniels AH, Ailon T, Sciubba
DM, Kebaish KM, Lafage V, Scheer JK, Smith JS, Bess S,
Shaffrey CI, Ames CP; International Spine Study Group. An
assessment of frailty as a tool for risk stratification in adult spinal
deformity surgery. Neurosurg Focus. 2017;43:E3.

26. Miller EK, Vila-Casademunt A, Neuman BJ, Sciubba DM,
Kebaish KM, Smith JS, Alanay A, Acaroglu ER, Kleinstück F,
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