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Abstract

Background: Lumbar disc arthroplasty (total disc replacement [TDR]) outcomes have been evaluated using subjective, patient-reported
measures of pain, health, and functional impairment. As a condition of TDR coverage, our institution’s health plan required that objective
physical performance data be collected. Thus our study was designed to explore (1) the feasibility of using preoperative and 1-year
postoperative performance on functional capacity tasks as an outcome metric for TDR with ProDisc-L (PD-L) (Synthes Spine, West Chester,
Pennsylvania), (2) the magnitude and significance of changes in preoperative and postoperative performance, and (3) whether changes noted
in performance are reflected in the subjective measures.
Methods: Seven adapted WorkWell tasks (physical capability assessment tool [PCAT]) (WorkWell Systems, Duluth, Minnesota) were
performed preoperatively and 1 year postoperatively by 18 patients who received either single-level or 2-level PD-L implants. Demographic
and medical data were reviewed.
Results: The PCAT was implemented easily, and the tasks took approximately 30 minutes to complete. Percent improvement and
preoperative and postoperative physical capability outcomes for each PCAT task are as follows: squat, 79% (10.7 � 7.1 repetitions vs 19.2 �
.0 repetitions, P � .001); forward bend, 121% (110.2 � 68.8 seconds vs 243.6 � 77.2 seconds, P � .001); kneel, 92% (283.2 � 173.2

seconds vs 544.7 � 109.3 seconds, P � .001); floor-to-waist lift, 128% (16.1 � 9.9 lb vs 36.7 � 20.3 lb, P � .001); horizontal carry, 119%
(19.7 � 8.6 lb vs 43.2 � 18.3 lb, P � .001); push, 32% (67.7 � 19.2 lb vs 89.4 � 24.4 lb, P � .001); and pull, 40% (57.6 � 17.1 lb vs
80.9 � 26.4 lb, P � .001). Visual analog scale scores for pain (5.1 � 1.7 vs 1.4 � 1.6, P � .001), Oswestry Disability Index scores (49.0% �
13.2% vs 15.2% � 14.3%, P � .001), and amount of narcotic use (26.1 � 43.8 mg of morphine equivalent vs 1.9 � 7.3 mg of morphine
equivalent, P � .031) also improved. In single-level cases, comparison of L4-5 versus L5-S1 showed significant differences only with the
forward bend task (P � .002).
Conclusions/Clinical Relevance: The physical capability outcome may be a feasible outcome metric. PD-L implantation may result in
substantial improvements in physical performance. Similar benefits shown in a larger series over a longer timeframe could have important
implications for the long-term health, productivity, and cost of health care for this patient population.
© 2012 ISASS - International Society for the Advancement of Spine Surgery. Published by Elsevier Inc. All rights reserved.
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Standard patient-reported outcome metrics used in spinal
surgery (Oswestry Disability Index [ODI], Short Form 36,
visual analog scale [VAS] score for pain, patient satisfac-
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tion, and so on) provide important insight into a patient’s
view of personal health status and physical capabilities but
do not allow one to objectively quantify or directly measure
the changes in physical ability after surgery.1–4 Self-re-
ported outcome metrics may be influenced by factors such
as the patient’s poor recollection of prior events, a change in
the patient’s life situation, the patient’s emotional state on
the day of testing, or the patient’s expectations of improved
function after an intervention.1,5–7 Concern from the health
lan administration at our institution about the effect of

hese biases on self-reported outcomes led us to seek a more

Surgery. Published by Elsevier Inc. All rights reserved.
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objective outcome metric related to measurable physical
performance. We report the results of our study using a new
physical capability assessment tool (PCAT) in 18 consecu-
tive subjects with ProDisc-L (PD-L) implantation (Synthes
Spine, West Chester, Pennsylvania), comprising single- and
2-level implantation patients who had complete presurgical
and postsurgical data.

The PCAT allows direct measurement of changes in
physical performance after an intervention and was based
on tasks validated for repeatability and relevance to real-
world demands in the assessment of return to work and
disability from a modified WorkWell workers’ compensa-
tion functional capacity evaluation (WorkWell Systems,
Duluth, Minnesota).8 The magnitude of change in pounds
lifted, force applied, or time a task can be sustained was
designated as a physical capability outcome (PCO) for a
specific task. Although there are limited published reports
on the validity and reliability of the 3 categories of per-
ceived exertions used in the WorkWell workers’ compen-
sation functional capacity evaluation, WorkWell was
adapted from the 4-category Isernhagen work systems func-
tional capacity evaluation. There have been multiple studies
on the validity9,10 and reliability11,12 of the use of the
sernhagen functional capacity evaluation in both healthy
ubjects and those with chronic low-back pain. In develop-
ng the PCAT, we followed the 3-step procedure of Gout-
ebarge et al.13 in the selection of functional tests from any
ull functional capacity evaluation method that assesses
hysical work ability in subjects with musculoskeletal com-
laints and related functional limitations.

In addition, a meta-analysis of 34 studies found that
lthough the ODI and pain disability index had high levels
f validity and reliability to assess functional capacity, no
ingle functional test had a high level of both validity and
eliability. However, a combination of both questionnaires
nd functional tests was recommended as the best instru-
ent to assess functional capacity.14 Our hypothesis was

that adding a quantitative measurement of physical capacity
improvement to the already validated ODI and VAS pain
score would add an important new dimension of objectively
documented physical performance to the standard subjec-
tive measures reflection of patient-perceived health status.
This study is the first step in exploring the validity of this
hypothesis.

Methods

In this institutional review board–approved retrospective
study, all patients who had undergone total disc replacement
(TDR) with PD-L between May 29, 2007, and June 17,
2009, and had completed preoperative and 1-year postop-
erative assessments met the criteria for study inclusion. This
population included patients who underwent single-level,
multilevel, or hybrid PD-L procedures. Patients’ electronic
and paper medical records were retrospectively reviewed,

and the following data were collected: age; sex; body mass

https://www.ijssurgerDownloaded from 
index; smoking status; vertebral-level location of surgery;
workers’ compensation and litigation status; pain duration
before surgery; preoperative and postoperative occupation;
preoperative medical and neuropsychological evaluation re-
sults; results of discography; and preoperative and 1-year
postoperative assessment of the ODI, VAS pain score, PCO,
and narcotic use (expressed as milligrams of morphine
equivalent for 24 hours, based on the average of 1 week’s
data, using the Web site http://www.agencymeddirectors.
wa.gov/files/dosingcalc.xls).

To qualify for TDR with PD-L implantation, patients
were required to meet all the Food and Drug Administration
inclusion criteria for surgical treatment for PD-L.15 More-
over, patients must have had low-back pain with or without
leg pain for a minimum of 1 year, a bone mineral density
T-score by dual-energy X-ray absorptiometry scan greater
than or equal to �1.0, and at least a single level of degen-
erative disc disease at L3-4, L4-5, or L5-S1 on magnetic
resonance imaging. Neuropsychological evaluation data fol-
lowing the presurgical psychological screening algorithm of
Block16 were used to exclude any patient receiving less than
a good or fair surgical candidate rating.

Twenty-seven subjects met TDR inclusion criteria and
underwent PD-L implantation during the defined study pe-
riod. Of these subjects, 4 were excluded for undergoing a
hybrid procedure that included 1 PD-L implant and 1 fusion,
1 was excluded for undergoing a 3-level PD-L implantation,
and 3 were excluded because of incomplete data. In addi-
tion, 1 subject had bony injury 10 days postoperatively due
to an all-terrain vehicle accident and was excluded. This left
a cohort of 18 subjects who completed preoperative and
1-year follow-up visits and were included in the analysis.

PCO assessment

The assessment tasks comprising the PCAT are standard,
well-researched measures of known variance used in fit-for-
work evaluations.10,11,17–20 The elements included in the
PCAT evolved through a series of trials over a 4-year period
(2005–2008), initially using elements of the WorkWell
workers’ compensation functional capacity evaluation8 to
objectively measure change in physical capability of pa-
tients with chronic pain in response to various therapies.
Specifically, we devised the assessment tool for TDR by
adapting lumbar components of the WorkWell evaluation
known to be altered in patients with low-back pain. Of the
26 components of the WorkWell evaluation, 7 have been
adopted as the tasks composing the PCAT for the PCO
evaluation.

The tasks composing the PCAT are as follows: (1) walk,
measured in yards walked in 6 minutes (warm-up exercise
only), with a standard mean of 535 yd; (2) squats, compris-
ing up to 20 repetitions; (3) forward bend, for which the
patient maintained a light board game task in the standing
bent-forward position for up to 300 seconds; (4) kneel, for
which the patient maintained a light board game task in the

kneeling position for up to 600 seconds; (5) lift, defined as
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a floor-to-waist lift, for 5 repetitions, measured in pounds;
(6) carry, defined as a horizontal lift, for 50 feet, with 1
repetition, measured in pounds; and (7) push, defined as a
static push force, and pull, defined as a static pull force, both
measured in pounds.

An endpoint for each of the tasks was defined in 1 of the
following ways: baseline patient-reported symptoms in-
creased with or without kinesiophysical changes in perfor-
mance, the kinesiophysical maximum was reached (first
noted activation of accessory muscles with inability to
maintain proper form), or the predetermined task maximum
was reached. To limit the time required to perform the
evaluation, task maxima for timed interventions were ad-
opted from the WorkWell workers’ compensation func-
tional capacity evaluation.8 A change in PCO is considered
significant when the measured quantities before and after
intervention are statistically different from one another for a
cohort of subjects (P � .05). A negative PCO is a deterio-
ration in performance. A positive PCO is an improvement in
performance. Magnitude and statistical significance of
PCOs from the PCAT administered before and 1 year after
surgery are reported. Qualitative comparison of the PCOs
with the standard, patient-reported outcome measures is
also provided to determine whether patient perception of
outcomes supports the more objective results of the newly
developed PCAT.

The PCAT was administered by a single designated
occupational therapist. The push and pull tasks were mea-
sured with Chatillon force gauges (Ametek, Largo, Florida).
A video and complete description of each of these tasks are
available at http://www.gundluth.org/PCO.

Surgical technique

The surgical technique used in the single-level PD-L
implantation followed that described in the standard US
technique for the PD-L investigational device exemption
(IDE) study.21 Two-level and hybrid procedures followed
the same protocol at multiple levels. All patients were op-
erated on while under general anesthesia.

Radiographic evaluation

Synapse (version 3.1.1, Fujifilm Medical Systems, Stam-
ford, Connecticut), a picture archiving and communication
system and a Digital Imaging and Communications in Med-
icine–compliant viewing system, was used for angle mea-
surement of flexion/extension between the 2 keels of the
PD-L implant.

Statistical analysis

Presurgical and postsurgical statistical comparisons, in-
cluding PCO, ODI, VAS pain score, and use of morphine
equivalents, were calculated with paired t tests. Results
comparing single-level L4-5 cases with single-level L5-S1
cases were calculated by use of 2-sample t tests. P � .05
as considered significant. The statistical analysis was con- p
https://www.ijssurgerDownloaded from 
ucted with Microsoft Excel 2010 (version 14; Microsoft,
edmond, Washington).

esults

Of the 27 subjects who met TDR inclusion criteria and
nderwent PD-L implantation, 18 met inclusion criteria and
ere included in the analysis. The first 17 PD-L implanta-

ion procedures were completed by a single surgeon, and all
xposures were performed by 1 of 2 experienced access
urgeons. The implantation for subject 18 was assisted by a
isiting surgeon using a modified technique that incorpo-
ated the use of pilot holes parallel to the apex of the device
eels.22

The 18 subjects (6 men and 12 women) had a mean age
of 40.0 � 10.2 years (range, 25–62 years) at the time of
surgery. The mean body mass index was 25.7 � 3.2 kg/m2

(range, 20.7–30.9 kg/m2). At the time of surgery, 3 subjects
(17%) (subjects 2, 5, and 9) were involved in litigation
regarding their back injury and 5 subjects (28%) (subjects 2,
5, 7, 8, and 18) were receiving workers’ compensation. Of
the subjects, 6 (33%) (subjects 2, 5, 6, 8, 15, and 16) were
smokers, but all claimed to have quit in preparation for
surgery. Overall, age, overweight status, and smoking status
were not associated with positive outcomes.

On discography, all operated discs were positive for
reproduction of concordant pain, with the level above as a
negative control. Neuropsychological testing following the
presurgical psychological screening algorithm16 showed
hat 94% of subjects were considered a good risk for sur-
ery, with only 1 subject being regarded as a fair risk for
urgery (subject 2). Of the 18 subjects, 15 (83%) underwent
ingle-level TDR with PD-L implantation: 6 subjects
nderwent TDR at L4-5 (subjects 2, 3, 4, 6, 13, and 17)
nd 9 subjects at L5-S1 (subjects 1, 5, 9, 11, 12, 14, 15,
6, and 18). Three subjects received 2-level TDR with
D-L implantation at the L4-5 and L5-S1 levels (subjects
, 8, and 10).

Administering the PCAT took approximately 30 minutes
efore and after surgery. Individual subject results are pre-
ented in Supplementary Table 1 (online only, available at
ournals.elsevierhealth.com/periodicals/ijsp/). Overall mean
esults, summarized in Table 1, show significant improve-
ents in each PCO assessment task. Figure 1A illustrates

he dramatic mean improvement in the forward bend and
neeling tasks, whereas Fig. 1B depicts mean improvements
n the floor-to-waist lift, forward 50-yd carry, static push,
nd static pull tasks. There were also significant improve-
ents in the ODI, VAS pain score, and narcotic use. Par-

icularly noteworthy were the individual maximum im-
rovements, not all in a single individual, of 1900% in
quats (1 repetition before surgery vs 20 after surgery),
011% in forward bend (27 seconds before surgery vs 300
econds after surgery), and 700% in floor-to-waist lift (5 lb
efore surgery vs 25 lb after surgery). The maximum im-

rovements in time and repetitions noted are an underesti-
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mation, because several subjects attained the predetermined
task maximum with ease. When we compared single-level
cases by level (L4-5 vs L5-S1), the only statistically signif-
icant comparison was for the forward bend task (P � .002)
(Table 2). A similar analysis comparing single-level versus
2-level cases yielded no significant differences.

Correspondingly, the ODI scores changed from a range
of 22% to 84% disability preoperatively to a range of 0% to
50% disability postoperatively. The mean 1-year lumbar
intersegmental range of motion as determined by flexion-
extension radiographs was 12° (range, 4°–25°), which ver-
ified that all subjects had functioning devices. Furthermore,
at 1 year postoperatively, 16 of 18 subjects (89%) had
ceased taking all narcotic medications. No patient had clin-
ically significant complications related to surgery.

Discussion

The objectives of this pilot study were 3-fold: to evaluate
the feasibility of adapting tasks from WorkWell to objec-
tively and quantitatively evaluate changes in physical capa-
bility after PD-L implantation; to evaluate whether the mag-
nitude of change in physical capability is statistically or
clinically significant and whether this testing should be
further evaluated in a larger cohort of patients; and to assess
whether objective, quantitative physical capacity measure-
ment qualitatively parallels results of the standard self-
reported measures.

Feasibility was shown by the ease of implementation of
the PCOs in the clinical setting, requiring only approxi-
mately 30 minutes per evaluation by a skilled functional
capacity evaluator. The statistically and clinically signifi-
cant improvement in physical capacity noted in all but 1 of
the PCO tasks at 1 year after PD-L surgery provided an
objective, quantitative complement to the self-reported out-

Table 1
Summary of physical capability testing, ODI, VAS pain score, and pain m
percent change

PCO No. of patients

Preoperative

Mean SD

Squats (maximum, 20 repetitions)
(repetitions)

18 10.7 7

orward bend (maximum, 300 s) (s) 18 110.2 68
neel (maximum, 600 s) (s) 18 283.2 173
loor-to-waist lift (lb) 18 16.1 9
orward 50-yd carry (lb) 17† 19.7 8
ush (lb) 17† 67.7 19
ull (lb) 17† 57.6 17
DI (%) 18 49.0 13
AS pain score 18 5.1 1
orphine equivalency 16† 26.1 43

OTE. Because of rounding when the final calculation was performed, cal
ean change or percent change values presented.

* Percentages are not indicative of total improvement because patients r
† Patients were unable to complete the task because of an unrelated inju
edication use preoperatively and 12 months postoperatively: Mean data and

Postoperative Improvement
P value
(paired t test) % ImprovementMean SD Mean SD

.1 19.2 2.0 8.5 7.3 � .001 79*

.6 243.6 77.2 133.4 86.5 � .001 121*

.2 544.7 109.3 261.5 173.8 � .001 92*

.9 36.7 20.3 20.6 15.0 � .001 128

.6 43.2 18.3 23.5 16.3 � .001 119

.2 89.4 24.4 21.7 17.8 � .001 32

.1 80.9 26.4 23.4 24.4 � .001 40

.2 15.2 14.3 33.8 17.6 � .001

.7 1.4 1.6 3.7 1.8 � .001

.8 1.9 7.3 24.3 39.5 .031

culations based on preoperative and postoperative mean values may not equal the

eached the maximum value.
comes and reduction in narcotic use. As seen in the PCAT,
https://www.ijssurgerDownloaded from 
Fig. 1. Overall mean presurgical (Pre) and postsurgical (Post) performance
for forward bend and kneeling tasks (A) and floor-to-waist lift, forward
50-yd carry, static push, and static pull tasks (B). Error bars indicate the

standard error of the mean.
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all changes were statistically and clinically relevant and
carried over to real-world tasks. For instance, an increase of
20 lb in the floor-to-waist lift, forward 50-yd carry, push,
and pull variables was shown in many patients. In addition,
the improvement seen in ODI scores in our study compares
favorably with the IDE study.20

Although previous studies have shown the superiority
and/or equal efficacy of PD-L implantation compared with
fusion in a number of categories,20,21,23 it remains a con-
roversial option for patients with severe, intractable low-
ack pain due to degenerative disc disease.24 One issue
dding to the paradox has been the use of subjective out-
ome measures in IDE studies, consisting of patient report-
ng of health status, functional impairment, and pain.15 We

believe we have developed a promising objective outcome
measure for the value of TDR that may also serve as a
model for comparable objective outcome assessments eval-
uating other types of procedures.

We postulate that this type of PCO assessment may have
potential use in future IDE studies. In this setting, the more ob-
jective nature of the PCO assessment, compared with the com-
monly used self-reported measures, may reduce the effect of
expectation biases related to randomization (the expectation
of a good result by patients receiving the trial device and the
concern about a poor outcome by patients in the control
arm). No study has attempted to directly measure the ex-

Table 2
Summary of physical capability testing, ODI, VAS pain score, and pain m
postsurgical data and percent change

PCO No. of patients

4-5
Squats (maximum, 20 repetitions) (repetitions) 6
Forward bend (maximum, 300 s) (s) 6
Kneel (maximum, 600 s) (s) 6
Floor-to-waist lift (lb) 6
Forward 50-yd carry (lb) 6
Push (lb) 6
Pull (lb) 6
ODI (%) 6
VAS pain score 6
Morphine equivalency 5†

5-S1
Squats (maximum, 20 repetitions) (repetitions) 9
Forward bend (maximum, 300 s) (s) 9
Kneel (maximum, 600 s) (s) 9
Floor-to-waist lift (lb) 9
Forward 50-yd carry (lb) 9
Push (lb) 9
Pull (lb) 9
ODI (%) 9
VAS pain score 9
Morphine equivalency 9†

OTE. Because of rounding when the final calculation was performed, cal
ean change or percent change values presented.

* Percentages are not indicative of total improvement because patients r
† Patients were unable to complete the task because of an unrelated inju
pectation biases. One indirect attempt did not account for r
https://www.ijssurgerDownloaded from 
the positive expectation bias in the continuing-access arm of
the PD-L IDE study (the patients were receiving something
not generally available).25 If larger cohort studies continue
o suggest the usefulness of PCO assessment, then perhaps
CO assessment and expectation bias evaluation could be-
ome part of future IDE testing.

The major limitation of this study is its small sample
ize. In addition, the use of 3 patient-reported outcome
easures commonly used in outcome studies limits com-

arisons to only these measurements (ODI, VAS pain score,
nd narcotic use). Furthermore, future studies should note
hen determination of PCO endpoints has occurred only in

elation to patient-reported exacerbation of physical symp-
oms without kinesiophysical changes. This is important
ecause it detracts from the objectivity of the evaluations.
ur impression is that this endpoint was infrequent at 1 year

nd common preoperatively, but it was not specifically
ecorded in our pilot patients.

Each patient’s performance on physical capability tasks
an be related to whether that performance is sufficient for
is or her presurgical occupation, although this was not
easured in our study. The number of tasks performed at a

evel appropriate for the patient’s occupation could then be
ompared between the preoperative and postoperative mea-
urements. Finally, it should be emphasized that our results

ion use for single-level L4-5 versus L5-S1: Mean presurgical versus

rative Postoperative Improvement

% ImprovementSD Mean SD Mean SD

7.2 18.8 2.9 7.7 6.5 68*
94.2 178.3 101.7 51.0 66.2 40*
30.2 466.8 169.9 303.8 170.6 186*
11.7 35.8 28.4 18.3 19.9 105
12.9 37.5 21.9 14.2 15.3 61
20.5 87.7 25.2 22.3 11.8 34
20.8 88.3 37.2 31.5 35.2 55
15.6 18.0 16.6 41.0 23.6
1.2 1.3 1.6 3.2 2.0
8.9 0.0 0.0 4.0 8.9

7.8 19.2 2.0 6.9 8.2 56*
62.3 284.1 33.8 176.8 60.3 165*

199.1 578.2 43.4 243.0 192.4 72*
8.9 43.3 15.2 24.4 14.2 129
6.0 50.6 16.3 31.7 16.2 168

22.4 94.8 27.9 24.4 22.9 35
18.4 80.9 23.3 21.6 19.1 36
6.8 15.2 15.9 29.4 15.0
1.8 1.6 2.0 4.0 1.9

54.3 3.3 10.0 40.9 48.7

s based on preoperative and postoperative mean values may not equal the

the maximum value.
ata were missed during collection.
edicat

Preope

Mean

11.2
127.3
163.0
17.5
23.3
65.3
56.8
59.0
4.5
4.0

12.3
107.3
335.2
18.9
18.9
70.3
59.3
44.7
5.6

44.2

culation

eached
epresent pilot data, and a larger study would allow for a
 by guest on May 17, 2025y.com/
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more rigorous statistical analysis to validate the results in a
larger cohort of arthroplasty and fusion patients.

Conclusion

The combination of objective measurement of changes in
physical capacity and the standard subjective outcome mea-
sures may provide a more complete picture of a patient’s
response to surgery than either measure alone. These data
suggest that use of PCO assessment in combination with
standard subjective outcome measures may be a promising
assessment tool and merits further study in a larger sample.

On the basis of the conclusion of this study, a more
extensive battery of patient-reported measures combined
with PCO assessment in a larger cohort seems to be indi-
cated and has been incorporated in ongoing studies. Addi-
tional studies will allow for a more rigorous statistical
analysis to validate the results in a larger cohort of both
arthroplasty and fusion patients.

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.ijsp.2011.
11.001.
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