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How Do Novice Runners With
Difterent Body Mass Indexes Begin
a Self-chosen Running Regime?

ne of the major barriers to persistent running is running-
related injury, which can lead to long periods of absence from
this physical activity and may even force an individual to quit
running permanently.’® Novice runners have been found to
be particularly vulnerable to injury; their injury incidence reaches

17.8 per 1000 hours of running, com-
pared with 7.7 injuries per 1000 hours
among recreational runners.” Still, con-
siderable differences in anthropometric
and demographic characteristics exist
among individuals who take up running,

and these differences also may influence
injury risk.!

Among novice runners, overweight
and obese runners appear to be partic-
ularly susceptible to injury.>?'"* As an
example, 25% of novice runners with

© BACKGROUND: Overweight and obese novice
runners are subjected to a higher load per stride
than their normal-weight peers. Do they reduce
their running dose accordingly when beginning a
self-chosen running regime?

© OBJECTIVES: To describe and compare

the preferred running dose in normal-weight,
overweight, and obese novice runners when they
commence a self-chosen running regime.

© METHODS: In this exploratory, 7-day prospec-
tive cohort study, 914 novice runners were catego-
rized into 1 of 3 exposure groups, based on their
body mass index (BMI): (1) normal weight (BMI
less than 25 kg/m?, n = 405; reference group), (2)
overweight (BMI of 25 to less than 30 kg/m? n =
341), and (3) obese (BMI of 30 kg/m? or greater,

n = 168). All runners were equipped with a global-
positioning-system running watch, which provided
information about distance, duration, speed, and
date of each running session during the first week
of a self-chosen running regime.

© RESULTS: During the first session, overweight
runners (difference, -0.5 km/h; 95% confidence
interval [CI]: -0.8, -0.2 km/h; P<.05) and obese run-
ners (-1.7 km/h; 95% Cl: -2.0, -1.4 km/h; P<.05) ran
slower than normal-weight runners. Obese runners
also ran a shorter distance compared to normal-
weight runners (0.4 km; 95% Cl: 0.7, -0.2 km;
P<.05). During the first week, overweight runners
(0.5 km/h; 95% Cl: -0.7, -0.2 km/h; P<.05) and
obese runners (-1.7 km/h; 95% Cl: -2.0, -1.4 km/h;
P<.05) ran slower than normal-weight runners, while
running distance and duration were similar.

© CONCLUSION: Overweight and obese run-

ners selected a similar training dose to that of
normal-weight runners when starting a self-chosen
running regime. This may partly explain the higher
running-injury risk among overweight and obese
runners compared with normal-weight runners
observed by other studies. J Orthop Sports Phys
Ther 2018;48(11):873-877. Epub 22 Jun 2018.
doi:10.251%jospt.2018.8169

@KEY WORDS: BMI, running injury, training load

a body mass index (BMI) above 25 kg/
m? sustained an injury in preparing for
a 4-mile (6.7-km) race, compared with
15% of normal-weight novice runners,
who had a BMI below 25 kg/m?*
Training load appears to play a funda-
mental explanatory role in the etiology of
running-related injury."¢ Overweight and
obese runners are subjected to a greater
load per stride because of their increased
body weight, which implies that fewer
stride repetitions are needed to archive a
cumulative load equal to that of a normal-
weight runner.! Therefore, overweight
and obese runners may be at greater in-
jury risk earlier in running than normal-
weight runners. Further, overweight and
obese runners probably have a reduced
load capacity when they begin running,
because of the well-documented associa-
tion between a high BMI and a sedentary
lifestyle.® A sedentary lifestyle is associ-
ated with lower bone mineral density
and reduced skeletal muscle power and
strength,® which may negatively affect
the runner’s capacity for load.! Fortu-
nately, both of these mechanisms may
be minimized by reducing the number of
strides/distance accordingly, and thereby
adjusting the cumulative load to a level
that is less likely to cause injury. Positive
adaptations may be made to enhance the
structure-specific load capacity for novice
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runners before the distance they run is
increased.!

Given this background, it is appro-
priate to ask how novice runners of dif-
ferent sizes take up running, a question
that remains unexplored in the scientific
literature. The aim of the present study
was to describe and compare the running
distance, duration, frequency, and speed
for normal-weight, overweight, and obese
runners during the initial week that these
runners start a self-chosen running pro-
gram. The authors hypothesized that
normal-weight, overweight, and obese
runners would expose themselves to a
similar dose of running when they begin
a self-chosen running regime.

METHODS

HE DATA FOR THIS PAPER ORIGINATE
Tfrom the Danish Novice Running

(DANO-RUN) study, which was
an epidemiological observational cohort
study with a 1-year follow-up."” Partici-
pants were recruited from June 2011 to
August 2011. The study was conducted in
Denmark and required no ethics commit-
tee approval (request M-20110114, Ethics
Committee of Central Denmark Region).
The Danish Data Protection Agency ap-
proved the study, and all participants
provided written informed consent prior
to the baseline investigation.

The cohort included novice runners
(those who ran less than 10 km in total
over the previous 12 months) with no
injury to the lower extremity for at least
3 months prior to their inclusion in the
study. All participants received a global-
positioning-system (GPS) watch (Fore-
runner 110 M; Garmin Ltd, Schafthausen,
Switzerland) and a neutral running shoe
(Supernova Glide 3; adidas Group, Her-
zogenaurach, Germany). The GPS run-
ning watch provided information about
session-specific distance, duration, and
speed and recorded the date of the session.

Participants were instructed to up-
load the GPS data to a personal web-
based training diary. No prescriptions or
guidelines regarding the training were
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given, except for the expectation that a
minimum of 52 training sessions would
be performed during the 1-year follow-
up. The recruitment and enrollment pro-
cedure and data-collection process have
been reported in detail elsewhere.’

The outcomes of interest were the
first-session and first-week running dis-
tance (kilometers), duration (minutes),
and average speed (kilometers per hour)
during the initial session of running
and the initial week. Additionally, the
number of first-week sessions (count)
and the time between first and second
sessions (number of calendar days with
no running between the sessions) were
determined. The measurement error of
commercial GPS running watches (6.2%
orless) is acceptable in detecting relevant
differences in running distances in scien-
tific studies on running-related injuries.™*
The first week was defined as 7 consecu-
tive calendar days from, and including,
the first running session.

The exposure of interest was BMI, cat-
egorized according to the cutoffs used by
the World Health Organization into (1)
normal BMI (less than 25 kg/m?; refer-
ence), (2) overweight BMI (25 kg/m? to
less than 30 kg/m?), and (3) obese BMI
(30 kg/m? or greater).”® The BMI was
calculated based on the baseline mea-
surements of weight and height. Fur-
thermore, age, dichotomized according
to the masters runner definition cutoff
(younger/older than 40 years of age),'
and sex (male/female) were included as
effect-measure modifiers.

Statistical Analysis

Differences between BMI groups were
analyzed for significant differences us-
ing unpaired ¢ tests (parametric data) or
a Mann-Whitney U test (nonparametric
data). The proportion of participants en-
gaging in 1to greater than 6 training ses-
sions during the first week was reported
for each BMI group separately. The dif-
ference in the distribution between the
groups was tested using the chi-square
statistic; a first-session distance between
less than 1 to greater than 6 km (category

interval, 1 km) and a first-week distance
between less than 3 to greater than 18
km (category interval, 3 km) were re-
ported and tested in the same manner.
Differences were considered statistically
significant at P<.05. All analyses were
performed using Stata/IC Version 15.0
(StataCorp LLC, College Station, TX).

RESULTS

TOTAL OF 914 PERSONS (459 MALE,
A455 female) were included in the

analyses, after excluding 17 per-
sons because they never started running
and 2 persons because they were injured
prior to baseline. A detailed flow chart of
the DANO-RUN cohort study has been
published elsewhere.”? Of the 914 par-
ticipants, 405 (44.3%) had a BMI of less
than 25 kg/m? (57% female; mean + SD
age, 35.7 £ 10.5 years), 341 (37.3%) had
a BMI of 25 to less than 30 kg/m? (34%
female; mean + SD age, 38.2 +10.1 years),
and 168 (18.4%) had a BMI of 30 kg/m?
or greater (34% female; mean + SD age,
39.1£9.2 years).

The first-session and first-week run-
ning distance, duration, and average
speed for the 3 BMI groups are pre-
sented in TABLE 1. The median number of
first-week running sessions was 2 for all
3 groups. The median time between the
first and second sessions was 2 days for
the overweight runners and the obese
runners, and 3 days for the normal-
weight runners (P>.05). The proportions
of participants engaged in 1 to greater
than 6 training sessions during the first
week are reported for each BMI group in
TABLE 2. Similarly, the BMI group-specific
proportions with first-session distance
between less than 1 to greater than 6 km
are shown in TABLE 3, and the proportions
with a first-week distance between less
than 3 to greater than 18 km in TABLE 4.
No difference in the association between
BMI and training dose was found in sub-
strata of runners according to sex (male or
female) and age (younger than 40 years or
4.0 years or older) (APPENDIX, available at
www.jospt.org).
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DISCUSSION

HIS IS THE FIRST PROSPECTIVE CO-

hort study to describe and compare

the training approaches of nor-
mal-weight, overweight, and obese novice
runners when they begin a self-structured
running program. Our results reveal only
minor differences in training approaches
across BMI groups. Nevertheless, the
first-session and first-week average speed
of the overweight and obese runners was
0.5 and 1.7 km/h slower than the aver-
age speed of the normal-weight runners.
Also, the obese runners had a 400-m
shorter first-session distance compared
with the normal-weight runners. How-
ever, the total first-week distance, first-
session and total first-week duration, the
number of first-week training sessions,
and the time between first and second
sessions were not different in the over-
weight and obese runners compared
with the normal-weight runners. These
observations may constitute an impor-
tant explanation for the higher risk of
running-related injuries in overweight
and obese runners compared to nor-
mal-weight runners.>71:13

Health Gain

Health improvement has been reported
as the dominant motivator for novice
runners when commencing a running
regime.” However, persistent running
over time, rather than the running dose,
appears to be the most important factor
in mortality reduction.® The appropriate
dose of running must be evaluated based
on the risk of sustaining a running-re-
lated injury when beginning a running
program. If more runners sustain a
running-related injury and become inac-
tive following a high running dose, then
they do not benefit from the health gains
associated with an active lifestyle. Con-
sequently, a low running dose may be
recommended.

However, advising all overweight and
obese runners to adopt a low running
dose may be inappropriate, as character-
istics other than BMI will also influence

injury risk.! As a theoretical example that
warrants formal investigation, a younger
obese runner with experience in other
sports may tolerate more running with-
out elevated injury risk compared to an
older, sedentary obese runner. Ironically,
from a public health perspective, general,
simplified, and overly restrictive advice
on training dose could disrupt the adher-
ence to running to a greater extent than
running-related injuries.

The Dose of Running, BMI, and Injury

The minimal difference in training dose
between BMI groups raises the ques-
tion, “Do novice runners actually con-
sider their BMI in relation to the risk
of running-related injuries when they
structure their running regime?” Seem-

ingly not, as the first-session mean + SD
distance of the obese runners (2.7 + 1.3
km) was almost equivalent to the 3-km
maximum total first-week running dose
recommended for novice runners with a
BMI of 30 kg/m? or greater." In addition,
31.5% of the obese runners commenced
their running regime with a first-session
distance of greater than 3 km. In fact,
only 19.1% of the obese runners com-
pleted less than 3 km total during the
first week. Currently, no evidence-based
recommendations exist regarding an
appropriate first-week running dose for
overweight runners. However, it would
be reasonable to assume that the appro-
priate dose would be lower than that for
normal-weight runners but higher than
that for obese runners. Nevertheless, the

TABLE 1 THE FIRST-SESSION AND FIRST-WEEK
Dosk oF RunNing BY BMI Group
Normal Weight Overweight Obese
(<25 kg/m?) (25-<30 kg/m?) (230 kg/m?)
First session*
Distance, km
Mean + SD 31+15 31+14 27+13
Differencef Reference 0.0(-02,0.2) -04(-07-0.2)
Duration, min
Median (interquartile range) 19 (12) 20(12) 20 (10.5)
Difference Reference 1 1
Average speed, km/h
Mean + SD HSERIO 87+£19 76+16
Differencef Reference -0.5(-038, -0.2)* -17 (2.0, -1.4)*
First week®
Distance, km
Median (interquartile range) 6.0 (6.0) 6.5 (5.6) 59 (49)
Difference Reference 05 -01
Duration, min
Median (interquartile range) 42 (39) 45(38) 47 (39)
Difference Reference 3 5
Average speed, km/h
Mean + SD 93+17 88+19 76+15
Differencef Reference -0.5(-07-0.2) -17 (2.0, -1.4)
Abbreviation: BMI, body mass index.
*The first session was the first running session completed after the baseline assessment.
WValues in parentheses are 95% confidence interval. Differences between BMI groups were analyzed for
statistically significant differences using unpaired t tests (parametric data) or a Mann-Whitney U test
(nonparametric data).
*P<.05.
SThe first week was defined as 7 consecutive calendar days, starting from the first session and including
the first session.
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overweight runners also appeared to have
a similar training pattern to that of the
normal-weight runners.

The main difference between the BMI
groups was observed in their mean aver-
age speed. The overweight runners were
0.5 km/h slower, and the obese runners
1.7 km/h slower, than the normal-weight
runners. However, the influence of speed
on injury development is unclear. Even
though the load per stride is lower when
the speed is slower,'® the cumulative load
of the running session can increase with
a slower speed. This is due to the fact that
bodily structures are subjected to more

RESEARCH REPORT

load applications, as the stride length
is shorter when the speed is slower and
more strides are needed to cover a similar
distance.’®

Furthermore, the distribution of load
is influenced by running speed, and the
risk of injury may increase in some struc-
tures when the speed is slower, because
more load is distributed to those specific
structures (eg, more load to the knee at
slower speeds).''® Hence, the influence
of running speed on injury development
in normal-weight, overweight, and obese
novice runners would be an interesting
topic for future studies.

Limitations

HE MAIN LIMITATION OF THIS
Tstudy concerns the distances re-

ported, as they may include walk-
ing. Still, the mean average speed of
the obese runners was 7.6 km/h. This
indicates that a large proportion of the
training consisted of running, as a nor-
mal walking speed is suggested to be
approximately 5 km/h.? The 0.5-km/h
difference between the overweight run-
ners and normal-weight runners points
to a more or less similar training regime
with an equal amount of walking and
running.

TABLE 2 NUMBER OF SESSIONS DURING THE FIRST WEEK
BMI, kg/m? 1 2 3 4 b 6 7 Total
<25 104 (257) 157 (38.8) 101 (249) 32 (79) 9(2.2) 1(02) 1(02) 405 (100)
25-<30 84 (24.6) 137 (40.2) 82 (24.0) 30(8.8) 7(2)) 1(03) 0(0) 341(100)
>30 38(226) 70 (417) 43(256) 10 (59) 5(3.0) 2(12) 0(0) 168 (100)
Total 226 (24.8) 364 (39.8) 226 (24.8) 72 (18) 21(2.3) 4(0.4) 1(01) 914 (100)

Abbreviation: BMI, body mass index.

*Values are n (percent). The first week was defined as 7 consecutive calendar days from, and including, the first running session completed after the baseline
assessment. The chi-square test revealed a P value of .90.

TABLE 3

FIRST-SESSION DISTANCE*

BMI, kg/m? 0-1km >12km >2-3km >3-4 km >4-5 km >5-6 km >6 km Total
<25 133.2) 84 (207) 112 (277) 93(230) 51(126) 34(84) 18 (4.4) 405 (100)
25-<30 8(23) 61(179) 108 (317) 86 (252) 47(138) 21(62) 10(29) 341(100)
>30 7(42) 44(26.2) 64 (381) 31(184) 8(48) 12.(71) 2(12) 168 (100)
Total 2831 189 (207) 284(310) 210 (230) 106 (11.6) 67 (73) 30(33) 914 (100)

Abbreviation: BMI, body mass index.

*Values are n (percent). The first session was the first running session completed after the baseline assessment. The chi-square test revealed a P value of .01.

TABLE 4

FIRST-WEEK DISTANCE*

BMI, kg/m2 0-3km >3-6 km >6-9km >9-12km >12-15 km >15-18 km >18 km Total
<25 62 (153) 137(338) 81(200) 58 (14.3) 34(84) 21(52) 12(30) 405 (100)
25-<30 64(18.8) 89(26.) 94 (275) 48 (141) 19 (56) 1441 13(38) 341(100)
>30 32(191) 55(327) 51(30.3) 17101 5(3.0) 3(18) 5(3.0) 168 (100)
Total 158 (173) 281(307) 226 (247) 123 (135) 58 (6.4) 38(41) 30(33) 914 (100)

Abbreviation: BMI, body mass index.

*Values are n (percent). The first week was defined as 7 consecutive calendar days from, and including, the first running session completed after the baseline
assessment. The chi-square test revealed a P value of .02.
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Generalizability

The present study included novice run-
ners with the following criteria: no lower
extremity injuries in the past 3 months,
less than 4 hours of other sports activity
per week, and willingness to complete
52 running sessions within a year. This
group might have a more restrictive ap-
proach to running than a population of
novice runners who are more physically
active in general. Conversely, receiving
the GPS watch and new running shoes
and being “observed” might have mo-
tivated some participants to run more
than novice runners not included in the
study. In addition, the study can only be
generalized to the first week of training,
but there may be important differences
in the training patterns of different BMI
groups beyond 1 week that alter the risk
for injury. These possible differences are
worth investigating in future studies.

CONCLUSION

VERWEIGHT AND OBESE NOVICE RUN-

ners complete a similar amount of

running as normal-weight novice
runners in the first week of their running
careers. The similar running dose may
partly explain the higher risk of running-
related injuries among overweight and
obese runners compared with normal-
weight runners observed by other studies.
Hence, future research needs to clarify the
need for developing BMI-tailored injury
preventive training guidance for subgroups
of novice runners and evaluating the effects
of implementation of such guidance. ®

EEKEY POINTS

FINDINGS: Overweight and obese novice
runners chose a similar dose of running
to that of normal-weight novice runners
when commencing a self-chosen run-
ning regime.

IMPLICATIONS: A similar running dose
across body mass index (BMI) groups
may be inappropriate in relation to the
risk of running-related injury. There-
fore, future research needs to elucidate
the need for developing BMI-tailored

injury preventive training guidance for
subgroups of novice runners.

CAUTION: A plethora of other factors
besides BMI may influence the dose of
running that novice runners are able to
tolerate without sustaining an injury.
Therefore, studies are needed to iden-
tify subgroups of overweight and obese
novice runners who possibly can toler-
ate more running without an elevated
injury risk. General, simplified, and
overrestrictive advice on training dose
could disrupt the adherence to running
to a greater extent than running-related
injuries.
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APPENDIX

THE ASSOCIATION BETWEEN BMI AND FIRST-SESSION DISTANCE
IN SUBGROUPS OF SEX AND AGE*

BMI, kg/m? Female Male Difference Aged <40y Aged>40y Difference
<25 Reference’ Reference* Reference® Reference'
25-<30 -0.05(-0.3,0.2) -018(-0.5,01) -012(-05,0.3) 0.08(-02,0.3) -015(-05,2) -0.23(-07,0.2)
>30 -0.37(-07,0.0) -061(-10,-0.2) -0.24(-0.8,0.3) -0.37 (<07, 0.0) -0.43(-09,-01) -0.06 (-0.6, 0.5)

Abbreviation: BMI, body mass index.

*Values are mean difference (95% confidence interval) kilometers. A linear regression model was applied to test for statistically significant differences across
strata.

"Reference: 2.84 km (95% confidence interval: 2.7, 3.0 km).

‘Reference: 3.52 km (95% confidence interval: 3.3, 3.8 km).

SReference: 3.16 km (95% confidence interval: 3.0, 3.3 km).

'Reference: 3.10 km (95% confidence interval: 2.8, 3.3 km).

THE ASSOCIATION BETWEEN BMI AND FIRST-SESSION DURATION
IN SUBGROUPS OF SEX AND AGE*

BMI, kg/m? Female Male Difference Aged <40y Aged >40y Difference
<25 Referencet Reference* Reference’ Reference'

25-<30 11(0,24) 2(-8,14) -9(-21,6) 12(3,22) 0(-13,14) -12 (24, 4)
>30 11(-4,26) 4(-918) -7(-22,3) 13(1,26) 1(-14,19) -12 (-26,8)

Abbreviation: BMI, body mass index.

*Values are mean difference (95% confidence interval) percent change in geometric mean. A linear regression model was applied to test for statistically sig-
nificant differences across strata. First-session duration was log transformed to make the data approximately normally distributed. The percent change in
geometric mean was reported because exp[In(mean’)] - [In(mean®)] = geometric mean'/geometric mean®.

"Reference: 18 minutes (95% confidence interval: 17, 19 minutes).

“Reference: 19 minutes (95% confidence interval: 18, 21 minutes).

SReference: 18 minutes (95% confidence interval: 17, 19 minutes).

'Reference: 19 minutes (95% confidence interval: 17, 21 minutes).

THE ASSOCIATION BETWEEN BMI AND FIRST-SESSION AVERAGE SPEED
IN SUBGROUPS OF SEX AND AGE*

BMI, kg/m? Female Male Difference Aged <40y Aged >40y Difference
<25 Reference’ Reference* Reference® Reference'
25-<30 -074(-10,-04) -071(-11,-0.3) 0.03(-05,0.5) -0.49 (-0.8,-0.2) -0.39(-0.8,0.0) 0.1(-05,0.6)
>30 -180 (22, -14) -195(-2.4,-15) -015(-0.8, 0.5) -1.82(-22,-14) -133(-19,-0.8) 05(-02,12)

Abbreviation: BMI, body mass index.

"Values are mean difference (95% confidence interval) kilometers per hour. A linear regression model was applied to test for statistically significant differences
across strata.

"Reference: 8.6 km/h (95% confidence interval: 8.4, 8.8 km/h).

‘Reference: 10.1 km/h (95% confidence interval: 9.6, 10.4 km/h).

SReference: 9.5 km/h (95% confidence interval: 9.2, 9.7 km/h,).

'Reference: 8.8 km/h (95% confidence interval: 8.5, 9.1 km/h).
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APPENDIX

THE ASSOCIATION BETWEEN BMI AND FIRST-WEEK DISTANCE
IN SUBGROUPS OF SEX AND AGE*

BMI, kg/m? Female Male Difference Aged <40y Aged >40y Difference
<25 Referencef Reference* Reference® Reference'

25-<30 -3(-16,12) 0(-13,15) 3(-16,26) 8(-4,22) -10(-25,7) -18(-33,1)
>30 -16(-30,1) -7(-22,10) 9(-14,42) -6(-2L,9) -13(-30,7) -7(-28,19)

Abbreviation: BMI, body mass index.

*Values are mean difference (95% confidence interval) percent change in geometric mean. A linear regression model was applied to test for statistically signifi-
cant differences across strata. Weekly distance was log transformed to make the data approximately normally distributed. The change in geometric mean was
reported because exp[In(mean?)] - [In(mean®)] = geometric mean'/geometric mean®.

"Reference: 5.60 km (95% confidence interval: 5.1, 6.1 km).

“Reference: 6.39 km (95% confidence interval: 5.8, 7.1 km).

SReference: 5.88 km (95% confidence interval: 5.4, 6.3 km,).

'Reference: 6.02 km (95% confidence interval: 5.3, 6.8 km,).

THE ASSOCIATION BETWEEN BMI AND FIRST-WEEK DURATION
IN SUBGROUPS OF SEX AND AGE*

BMI, kg/m? Female Male Difference Aged <40y Aged >40y Difference
<25 Referencet Reference* Reference’ Reference'
25-<30 7(-8,24) 7(-7,24) 0(-18,23) 15(1, 30) 6(-21,12) -9(-34,1)
>30 5(-13,27) 16(-3,38) 10 (-15,42) 16 (-2, 36) 2(-18,26) -14(-32,14)

Abbreviation: BMI, body mass index.

*Values are mean difference (95% confidence interval) percent change in geometric mean. A linear regression model was applied to test for statistically signifi-
cant differences across strata. First-week duration was log transformed to make the data approximately normally distributed. The change in geometric mean
was reported because exp[In(mean)] - [In(mean®)] = geometric mean'/geometric mean?®.

Reference: 40 minutes (95% confidence interval: 36, 44 minutes).

“Reference: 38 minutes (95% confidence interval: 34, 42 minutes).

SReference: 38 minutes (95% confidence interval: 35, 41 minutes).

'Reference: 41 minutes (95% confidence interval: 37, 47 minutes).

THE ASSOCIATION BETWEEN BMI AND FIRST-WEEK AVERAGE SPEED
IN SUBGROUPS OF SEX AND AGE*

BMI, kg/m? Female Male Difference Aged <40y Aged>40y Difference
<25 Referencef Reference* Reference’ Reference'
25-<30 -075(-1.0,-0.5) -0.66 (-1.0,-0.3) 0.09 (-0.4,05) -0.47 (-0.8,-0.2) -0.36 (-0.8,0.1) 011(-0.4,0.6)
>30 -175(-2.1,-14) -197 (-2.4,-15) -0.22(-0.8,0.3) -1.80(-22,-14) -1.34(-18,-0.8) 046 (-0.2,11)

Abbreviation: BMI, body mass index.

*Values are mean difference (95% confidence interval) kilometers per hour. A linear regression model was applied to test for statistically significant differences
across strata.

"Reference: 8.6 km/h (95% confidence interval: 8.4, 8.7 km/h).

“Reference: 10.2 km/h (95% confidence interval: 9.9, 10.4 km/h).

SReference: 9.4 km/h (95% confidence interval: 9.2, 9.6 km/h).

'Reference: 8.9 km/h (95% confidence interval: 8.6, 9.2 km/h).
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FIGURE 1. Ultrasound image (linear transducer in long
axis) showing disruption of cortical bone of the fifth
metatarsal.

| MUSCULOSKELETAL IMAGING ]

FIGURE 2. Ultrasound image (linear transducer in short
axis) demonstrating disruption of cortical bone of the fifth
metatarsal.

FIGURE 3. Oblique foot radiograph showing a displaced
spiral fracture of the distal aspect of the fifth metatarsal.

Musculoskeletal Ultrasonography

to Detect a Displaced Fracture
of the Fifth Metatarsal

RYAN G. BOGGS, PT, DPT, Department of Physical Therapy, Daemen College, Amherst, NY.
ARTHUR J. NITZ, PT, PhD, Rehabilitation Science/Division of Physical Therapy, College of Health Sciences, University of Kentucky, Lexington, KY.

27-YEAR-OLD MAN PRESENTED TO
Aan outpatient physical therapy

clinic with left lateral foot pain
after playing lacrosse 1 day prior. The
patient experienced the pain after land-
ing on his left lateral foot but could
ambulate without support immediately
after the injury and resumed playing. Al-
though the screening for fracture using
the Ottawa ankle rules® did not support
referral for radiographs, concordant pain
was reproduced with palpation over the
head and distal shaft of the fifth meta-
tarsal. Inspection of the foot revealed
moderate swelling and ecchymosis on
the lateral and dorsal surfaces. Provoca-
tive testing, including the use of a tuning
fork and pulsed ultrasound, which have

poor sensitivity, did not increase symp-
toms.! Fracture could not be excluded
due to bony tenderness, swelling, and
ecchymosis.

Ultrasound imaging was performed
immediately by the physical therapist,
focusing on the fifth metatarsal dis-
tal shaft. Images obtained with a 13- to
6-MHz linear transducer demonstrated
cortical bone disruption (FIGURES 1 and 2).
The high accuracy of ultrasound imaging
for this condition has been previously re-
ported.? The patient’s primary care phy-
sician subsequently ordered radiographs,
which demonstrated an obliquely orient-
ed fracture through the shaft of the fifth
metatarsal (FIGURE 3). The patient was re-
ferred to an orthopaedist and placed in

a walking boot for 6 weeks. The patient
could ambulate and stand for prolonged
periods without pain at 9 weeks and re-
turned to pain-free treadmill running at
15 weeks.

This case highlights the practical
application of diagnostic ultrasound in
an outpatient clinic to rule in a fracture
when clinical testing fails to provide a
definitive diagnosis. While the Ottawa
ankle rules? may be an accurate tool
for excluding fractures of the ankle and
midfoot, suspicion should remain high
if the mechanism, history, and physi-
cal exam suggest a possible fracture of
the forefoot. ® J Orthop Sports Phys
Ther 2018;48(11):903. doi:10.2519/
Jospt.2018.7884
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Does Health Care Utilization Betfore
Hip Arthroscopy Predict Health Care
Utilization After Surgery in the US Military
Health System? An Investigation Into
Health-Seeking Behavior

©BACKGROUND: The influence of prior patterns
of health care utilization on future health care

utilization has had minimal investigation in popula-

tions with musculoskeletal disorders.

© OBJECTIVES: The purpose of this study was

to explore the relationship between presurgical
health care utilization and postsurgical health care
utilization in a population of patients undergoing
hip surgery in the US Military Health System.

© METHODS: In this observational cohort study,
person-level data were collected for patients
undergoing hip arthroscopy in the Military Health
System from 2003 to 2015, capturing all encoun-
ters 12 months before and 24 months after surgery
for every individual. Cluster analysis was used to
categorize individuals with high and low health
care utilization, based on preoperative health
care visits. Unadjusted and adjusted Poisson and
generalized linear models were generated. Health
care utilization outcomes were targeted, including
costs, visits, and medication use.

© RESULTS: There were 1850 individuals in the
final cohort (mean age, 32.18 years; 55.4% male).
The high health care utilization group averaged

57.69 + 25.87 visits, compared to 20.43 + 8.36
visits in the low utilization group. There were sig-
nificant differences between groups for total health
care visits (58.17; 95% confidence interval [CI]:
57.39, 58.58), total health care costs ($11539.71;
95% Cl: $10557.26, $12595.04), hip-related visits
(12.77; 95% Cl: 12.59, 12.96), hip-related costs
($3325.07; 95% CI: $2886.43, $3804.51), days’
supply of pain medications (752.67; 95% Cl:
751.24, 754.11), opioid prescriptions (48.83; 95%
Cl: 48.47,49.21), and cost of pain medications
($1074.80; 95% Cl: $1011.91, $1137.68).

© CONCLUSION: Presurgical patterns of health
care utilization were associated with postsurgi-
cal patterns of health care utilization, indicating
that those patients who used more care before
surgery also used more care after surgery. Clini-
cians should consider prior patterns of health
care utilization, including utilization unrelated
to the index condition, when determining care
plans and prognosis. J Orthop Sports Phys

Ther 2018;48(11):878-886. Epub 22 Jul 2018.
doi:10.251%jospt.2018.8259

@ KEY WORDS: health care-seeking behavior,
health care utilization, hip, orthopaedic surgery

he study of health care—
seeking behavior strives
to explain the behavioral
features associated with
health care utilization.” Where
access to care is relatively unre-
stricted, aggressive health care
seeking may lead to the overutilization
of health services.**! In certain health
systems, like the US Military Health
System (MHS), financial incentives for
the providers are lacking, and it may be
more likely that patient, rather than sys-
tem, factors are related to seeking care. A
number of reasons driving people to seek
health care services have been suggested.
These include external factors, such as
access to care, along with internal fac-
tors, such as the diagnosis or presence of
comorbidities coupled with the perceived
severity and irritability of the symptoms
associated with the condition.!
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Health care-seeking behavior has
been minimally investigated, especially
for musculoskeletal disorders.>*!* One
possible explanation for a lack of litera-
ture on health care-seeking behavior is
that the construct has not been well de-
scribed, including a consensus on how it
should be measured.? By nature, health
care-seeking behavior is a complex
construct, and to improve our under-
standing, individual components of the
construct should be examined further.
One component of health care-seeking
behavior is health care utilization.! The
amount and type of health care an indi-
vidual seeks may be an important com-
ponent of health care-seeking behavior.
There are a number of approaches that
can be used to measure health care uti-
lization, including the use of medical
records and retrospective surveys. Sur-
vey methods rely on patient recall, and
therefore are prone to bias.®?*# Alter-
natively, health care utilization can be
more accurately assessed through the
use of databases that track medical en-
counters, especially if the indexed event
is well defined and measurable (ie, sur-
gery or trauma).’s

Globally, musculoskeletal disorders
are the second most common cause of
disability, and a source of significant
economic burden.”” A common muscu-
loskeletal condition seen by health care
providers is hip pain.’®*° While there are
several conditions that can cause hip
pain, one of the most prevalent hip con-
ditions in younger adults is femoroace-
tabular impingement (FAI) syndrome.'*6
There has been an 18-fold rise in surgical
procedures for FAI syndrome over the
last decade in the United States alone,'
making it an important target for the
study of health care utilization.

Therefore, the purpose of this study
was to use a sophisticated single-payer
health system claims database to ex-
plore 24-month health care utiliza-
tion after hip surgery, based on health
care utilization before surgery. Predic-
tive models should be used to evaluate
this noncausal relationship, and after

a stronger consensus for health care-
seeking behavior and contributing
factors are agreed on, further explana-
tory modeling may be helpful.2>*° The
authors hypothesized that high health
care utilization after surgery would be
predicted by high health care utilization
in the year leading up to surgery, even
after adjusting for demographic factors
and comorbidities.

METHODS

Study Design

HIS WAS AN OBSERVATIONAL COHORT

of consecutive patients undergoing

hip arthroscopy in the MHS, with
data collected from July 1, 2003 through
June 30, 2015. Data for each unique
subject were abstracted for a period that
represented 12 months before and 24
months after surgery.

Reporting Guidelines

The researchers used the reporting stan-
dards recommended in the REporting of
studies Conducted using Observational
Routinely-collected health Data (RE-
CORD) extension of the STrengthening
the Reporting of OBservational stud-
ies in Epidemiology (STROBE) state-
ment.” Ethics approval was obtained
through Institutional Review Boards at
Brooke Army Medical Center and Duke
University.

Data Sourcing

Data were pulled from the MHS data
repository (MDR), which serves as the
centralized data repository for all De-
fense Health Agency corporate health
care data. Data within the MDR are col-
lected from a worldwide network of more
than 260 Department of Defense health
care facilities and non-Department of
Defense entities. Data include every per-
son-level interaction for health care, both
inpatient and outpatient. All MDR data
are carefully processed by the Defense
Health Agency, updated monthly, and are
available to a select group of researchers
for specific purposes only.

Selection of Variables

Sample The researchers targeted all pa-
tients who had undergone arthroscopic
hip surgery, identified by Current Proce-
dural Terminology codes 29914, 29915,
29916, and 29860. The authors excluded
any patient who was not an eligible ben-
eficiary for the entire 12 months before
and 24 months after the surgery date.
They then excluded persons with a di-
agnosis code for osteoarthritis, avascu-
lar necrosis, osteomyelitis, or fracture of
the hip, as well as malignant neoplasms
of the pelvis, hip, or lower extremity or
other arthritic hip condition present any
time in the 12 months before the surgery.
The authors did this to improve homoge-
neity of the sample, as these conditions
could indicate a reason other than FAI
syndrome for this surgical procedure.
The researchers chose to use surgery for
FAI syndrome as the index event because
it is a condition that has been associated
with a high volume of diagnostic and
treatment health care utilization.””?* By
selecting a population that ultimately
received surgery, the authors were better
able to capture a well-defined period of
health care-seeking patterns. This also
allowed them to examine a cohort of pa-
tients with a relatively similar baseline,
rather than conditions that begin by way
of insidious onset or are limited by pa-
tient recall.

Presurgical Health Care Utilization In
an attempt to capture a behavioral com-
ponent of health care utilization, the re-
searchers selected total health care visits
before surgery, which is more likely to
represent persistent behavior.?** To bet-
ter categorize high and low health care
utilization, the authors ran a 2-step clus-
ter analysis to create distinct groups with
more homogeneous clinical profiles. They
assessed differences in health care utiliza-
tion, including medical visits, costs, and
medication use, and demographic factors
between the 2 groups of health care seek-
ers. The 2-step cluster identifies relatively
homogeneous subgroups while maximiz-
ing the variability between the final, de-
fined clusters.?> Two-step clustering is
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particularly useful when analyzing differ-
ences in subgroups within a large data set.
Descriptive Variables The researchers
were interested in a well-defined descrip-
tion of the sample, which included age,
sex, military service branch, active status,
rank category (socioeconomic status),
whether the surgical procedure occurred
in a network or military hospital, and the
presence of comorbidities. The authors
also reported prescription opioid use (yes
or no) and total medical visits and costs,
all occurring before surgery.

Outcome Variables The authors targeted
a series of systems outcomes that reflected
utilization (costs and visits) and behaviors
(medication use). Further, costs and visits
were defined as total sums of all health
care for any reason, and then specifically
for hip-related care as well (procedures,
imaging, primary and specialty care, etc).
Total postoperative days’ supply of pain
medication was used to reflect the dosage
for pain management, total number of
opioid prescriptions was used to identify
initial or recurrent management with opi-
oids, and total medication costs were used
to reflect economic impact.
Comorbidities The researchers preiden-
tified alist of medical comorbidities with-
in the MDR present before surgery that
were found to have a significant associa-
tion with orthopaedic injury and surgical
outcomes. To qualify, these variables had
to be coded during a visit that occurred in
the preoperative period. These included
systemic arthropathy, cardiovascular
disorders, chronic pain, metabolic dis-
orders, substance abuse, sleep disorders,
mental health problems, and posttrau-
matic stress disorder. A specific list and
rationale for each of these comorbidity
variables has been previously defined.**
Confounding Variables Potential con-
founders were identified as variables
found to be significantly different be-
tween the 2 health care utilization groups.
These variables were also selected based
on their potential to explain differences
in health care utilization, such as comor-
bidities, demographic factors, military
beneficiary category, a proxy measure of

| RESEARCH REPORT ]

socioeconomic status (officer or enlisted),
and, as costs change over time, the year
that surgery was performed.

Missing Values

The MDR is a comprehensive database
that uses multiple checkpoints to im-
prove the quality of the data that arrive
from multiple sources; consequently, it
has minimal missing values. Data feeds
into the MDR are initially given a “raw”
designation as they go through a 90-day
validation process, where missing values
are imputed by cross-referencing across
multiple other databases, continuously
feeding into the MDR. After this valida-
tion process, data are transformed from
“raw” to final and are then sourced for
analyses such as the one in this paper.
Missing data are minimal.

Data Analysis

The authors reported descriptive sta-
tistics for the groups based on level of
health care utilization before surgery, and
compared each group using SPSS Version
23.0 (IBM Corporation, Armonk, NY).
Nominal variables were compared using
chi-square analyses. Continuous variables
were evaluated using ¢ tests. After cluster-
ing the presurgical health care utilization
variables using only preoperative health
care visits (total for any reason and for
a specifically hip-related reason), the au-
thors used Poisson log-linear analysis for
all outcomes involving count data (num-
ber of visits and days’ supply of medica-
tion) and a generalized linear model with
gamma distribution for all cost outcomes.
Both models account for values that are
greater than zero. For skewed data, com-
mon with health care services, Poisson
analysis and a generalized linear model
with gamma distribution are appropriate
for count and cost data, respectively.>°
The researchers ran 2 sets of analyses,
unadjusted and adjusted, in which they
controlled for confounding variables that
included comorbid conditions and demo-
graphic characteristics. For all analyses, a
Pvalue of less than .05 was used to deter-
mine statistical significance.

RESULTS

HERE WERE 1870 INDIVIDUALS UN-

dergoing arthroscopic hip surgery

who met the initial criteria (TABLE1).
Twenty individuals were removed from
the analysis because they did not receive
any preoperative health care, resulting in
a final sample size of 1850. There were
no missing values for any of the outcomes
measures used in the study, thus no im-
putation was needed. By comparison,
the average + SD number of medical vis-
its before surgery in the high utilization
group was 57.69 * 25.87, versus 20.43 +
8.36 visits for the low utilization group.
Those in the high utilization group (n
= 650) were proportionally more likely
to be female and in an enlisted rank.
Significant differences were also found
between military services. The mean dif-
ference in medical costs before surgery
between high and low utilization groups
was $6818.

TABLE 2 demonstrates significant dif-
ferences in the number of presurgery co-
morbidities between both groups, with
the high utilization group having signifi-
cantly higher proportions of systemic ar-
thropathy, posttraumatic stress disorder,
chronic pain, cardiovascular disorder,
metabolic disorder, substance abuse,
mental health disorder, and insomnia
compared to the low utilization group.

There were statistically significant
differences for all 7 outcomes measures.
Total health care visits, total health care
costs, hip-related health care visits,
hip-related health care costs, total days’
supply of pain medications, total opioid
prescriptions, and costs of pain medica-
tions after surgery were all predicted by
high health care utilization before sur-
gery (TABLE 3). Even after adjusting for all
covariates, the results were unchanged
(TABLE 4).

DISCUSSION

HE AUTHORS ATTEMPTED TO EX-
plore a relationship between pat-
terns of health care utilization
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before and after hip surgery. The results
of this study support the hypothesis that
higher presurgical health care utilization
was associated with higher health care
utilization rates after surgery. While no
clinical outcomes were assessed in this
study, these findings suggest that individ-
uals may seek care, to some extent, based
on a predisposition to utilize health ser-
vices. The researchers believe that these
results are important and warrant further
discussion.

Patterns of Health Care

Utilization Before Surgery

One unique aspect of the present study
was the method used to measure presur-
gical patterns of health care utilization.
The authors identified 2 very distinct

clusters of health care users based on
primary care physician utilization before
surgery (high and low). As a construct,
health care utilization predicted by prior
patterns of health care utilization has
been minimally investigated, and as such
there are no standardized approaches
to measurement. In the few studies
that have attempted to investigate this
construct, low-threshold categorical ap-
proaches are often used,” meaning that
if a patient saw a provider, regardless of
number of visits, then he or she was clas-
sified as a health care user. With this ap-
proach, the number of different types of
health care providers determines wheth-
er someone is a low or high health care
user. This method of measuring preindex
health care utilization is more often used

in studies that have a shorter preindex
surveillance period, or that investigate
access to specific care-related issues.”
Another approach to measuring health
care utilization is to calculate the total
health care consumption (ie, cumulative
visits or costs).?**! This study accounted
for health care utilization for a period
of 1 year prior to hip surgery. Because of
the longer period, the authors were able
to assess total utilization (ie, health care
visits) in order to identify a more robust
distinction between high and low presur-
gical health care utilization.

The authors recognize that total
health care visits are also related to other
factors, including demographics, comor-
bidities, and condition severity.’¢*® In
the present study, baseline demographic

TABLE 1 DESCRIPTIVE STATISTICS ANALYZING HiGH PRESURGIcAL HCU
VERsus Low PresurGgicaL HCU Groups™
Variable Total Sample (n =1850) High HCU (n = 650) Low HCU (n =1200) P Value
Age,y 3218+810 3195+8.34 32.31+£793 34
Sex (female), % 446 574 377 <01
Active duty (yes), % 677 69.4 66.8 25
Service, %
Army 447 474 433
Coast Guard 16 17 16 <01
Air Force 24.6 285 226
Marines 2 103 132
Navy 16.3 115 189
Other 04 05 04
Rank (enlisted), % 776 82.3 751 <01
Location of surgery (military hospital), % 52.1 443 56.3 <01
HCU 1y prior to FAl surgery
Hip-related medical costs $243372 + $1944.08 $3271.05 + $2484.95 $2020.72 + $1378.19 <01
Hip-related medical visits, n 1219 +955 18.04+12.35 922 +5.46 <01
Total medical costs $6696.53 + $7024.87 $11191.44 + $9344.21 $4373.39 + $3544.08 <01
Total medical visits, n 3352+24.43 5769 + 25.87 20.43+8.36 <01
Conditions occurring in the 2 y after surgery, %
Hip osteoarthritis 217 229 211 .36
Heterotopic ossification 0.5 0.2 08 09
Avascular necrosis 04 0.3 05 57
Hip replacement 16 11 18 21
Hip infection 0.3 03 03 82
Hip stress fracture 0.2 0.0 03 20
Hip fracture 17 14 1.8 A7
Abbreviations: FAI femoroacetabular impingement; HCU, health care utilization.
*Values are mean + SD unless otherwise indicated.
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COMORBIDITY MEASURES AMONG

U 2 Hicu anp Low HCU GRrouPs*
Total Sample High HCU Low HCU
Variable (n=1850) (n=650) (n=1200) P Value
Preoperative systemic arthropathy 18 31 12 <01
Preoperative PTSD 36 85 10 <01
Preoperative chronic pain 94 206 5.2 <01
Preoperative cardiovascular condition 107 152 8.2 <01
Preoperative metabolic disorder 158 211 130 <01
Preoperative substance abuse history 155 18.0 1.3 <01
Preoperative mental health disorder 199 36 123 03
Preoperative insomnia diagnosis 89 154 53 <01

Abbreviations: HCU, health care utilization; PTSD, posttraumatic stress disorder.
*Values are percent unless otherwise indicated.

TABLE 3 UNADJUSTED PRESURGICAL HCU ASSOCIATION

WitH Visits AND CoSTS AFTER SURGERY¥

Postoperative Variable High HCU (n = 650) Low HCU (n =1200)

Total health care visits, n 124.85 (124.01, 125.72)
$35930.44 ($33952.38, $38023.74)
36.46 (36.00, 36.93)
$17720.49 ($16616.38, $1889795)

1581.42 (1578.31, 1584.54)

66.68 (66.62, 6714)
$24390.73 ($23395.12, $2542870)
23.69 (23.41,2397)
$14395.42 ($13729.95, $15093.44)
828.75 (82707, 830.43)

Total health care costs
Total hip-related visits, n
Total hip-related costs

Total days’ supply of pain-related

medications, n
Total opioids, n 90.58 (89.85, 91.32)

$1460.17 ($1212.95, $1707.39)

4175 (41,38, 42.11)

Cost of pain medications $385.37 ($201.04, $569.71)

Abbreviation: HCU, health care utilization.
*Values are mean (95% confidence interval) per person. All analyses involve Poisson modeling for
count data and a general linear model with gamma distribution for cost data.

TABLE 4 ADJUSTED PRESURGICAL HCU ASSOCIATION

WitH Visits AND CoSTS AFTER SURGERY*

Postoperative Variable High HCU (n = 650) Low HCU (n =1200)
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Total health care visits, n 109.66 (102.24, 11761)
$34248.54 ($31464.32, $37032.75)
38.03 (34.48, 41.95)
$19040.36 ($17136.24, $20944.47)

1269.43 (1146.43, 1405.62)

70.71 (67,25, 74.35)
$25674.77 ($23681.61, $2766794)
24,61 (2295, 26.40)
$15186.64 ($13823.52, $16549.76)
814.31(756.48, 876.59)

Total health care costs
Total hip-related visits, n
Total hip-related costs

Total days’ supply of pain-related
medications, n

Total opioids, n
Cost of pain medications

102.05 (8784, 118.57)
$1496.86 ($1083.50, $1910.23)

6042 (5399, 6762)
$45579 ($158.17, $753.42)

Abbreviation: HCU, health care utilization.

*Values are mean (95% confidence interval) per person. All analyses involve Poisson modeling for count
data and a general linear model with gamma distribution for cost data, with controls for sex, service, of-
Sicer status, network/military hospital, active-duty status, calendar year in which the surgery took place,

preoperative opioid use, and preoperative comorbidities of arthropathy, chronic pain, posttraumatic
stress disorder, cardiac condition, metabolic condition, substance abuse, mental health, and insomnia.

characteristics between the 2 groups
were not significantly different, except
for a few notable exceptions. Those in the
high health care utilization group were
more likely to be female, to have under-
gone their surgical procedure in a civilian
hospital, and to be in an enlisted- versus
officer-rank family.

Military rank can serve as a proxy
measure of socioeconomic status and
education, as the pay is higher for offi-
cers, who all have college degrees. Higher
levels of socioeconomic status and educa-
tion are typically associated with greater
health care utilization.’* In the MHS,
access to care is less of a barrier than in
other health systems, especially if care is
accessed in military hospitals, and this
may explain why this study’s findings are
in conflict with the literature.

Also, there were significant differenc-
es noted in comorbidities between the
2 groups of health care users, and these
can be significant drivers of additional
health care utilization.** However, while
these differences in comorbidities and
demographic factors are important to
note, after adjusting for them, presurgi-
cal health care utilization predicted post-
surgical utilization. This finding suggests
that health care utilization is influenced
by more than demographic and disease
severity factors and may have a behav-
ioral influence.>**

Health Care Utilization After Surgery

Significant disparity between the high
and low health care utilization groups
was observed in the total and hip-related
health care visits after surgery. Actual vis-
its are more influenced by patient factors
than health care costs, supported by An-
dersen’s behavioral model of health care
utilization."® One of the key features of the
behavioral model is access to care, which
is less of a problem in the MHS compared
to other third-party-payer health sys-
tems in the United States. The MHS is a
closed, single-payer health system, with
no copay needed at any facility (military
or civilian) while on active military duty.
Others who are not on active duty but still
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in this system (spouses, some retired mili-
tary, etc) may have copays if seeking care
in the network. Less than 3% of this co-
hort had any additional health insurance,
making it more likely that the researchers
captured all care that actually occurred.

Given that there were no differences
between active-duty status in users with
low versus high health care utilization,
the authors do not believe that this was a
significant confounder. While it is neces-
sary to note that these findings may not
be applicable to other health systems, the
underlying concepts may still be relevant
and should be explored in other settings,
especially in areas where health care ser-
vices are readily available to the public.

Medication use is also important to
consider as part of assessing health care
utilization, including total days’ supply
and unique prescription counts for pain
medications.* Those considered to be
high health care users in this study were
also the highest users of pain medication.
High users had roughly twice the amount
of total days’ supply of pain-related med-
ications and unique opioid prescriptions
when compared to the low health care
users. The costs of pain medications
were nearly 4 times greater in the high
health care users than in the low health
care users.

These findings suggest that patterns of
health care utilization should be consid-
ered as a factor related to persistent opi-
oid use after surgery for FAI syndrome,
as well as other musculoskeletal condi-
tions, but require further investigation.
Surgery is an event in which patients
are commonly exposed to opioids for
the management of perioperative pain.”
In fact, 87% of the patients in this study
received an opioid prescription after dis-
charge, which was consistent with other
literature that identified similar results.”

Further, the potential for opioid mis-
use is higher in postoperative than in
nonoperative populations,’ and has been
associated with higher rates of health
care utilization after elective orthopaedic
surgery.*’ In addition, the use of opioids
in the management of chronic pain, in-

cluding hip pain, has not been shown to
be effective at reducing long-term pain,
improving function, or improving quality
of life,?” and it is possible that behavioral
components are partially driving long-
term use of opioids.

A Behavioral Explanation

of Health Care Seeking

The decision to seek health care services
can be thought of as a process in which
individuals move through stages: health
behavior, illness behavior, sick-role be-
havior.*® In this approach, health behav-
ior describes the person who seeks health
care services on the basis of prevention.?*
As a part of maintaining soldier readi-
ness, the MHS has a commitment to pro-
vide preventive health services, with the
goal of decreasing downstream health-
related events.?®® Other health systems
promote preventive care seeking, such as
annual physician wellness checks, pre-
ventive dental work, annual eye exams,
and age-dependent tests for early detec-
tion of certain diseases.*

It is after the onset of symptoms (or
signs) that an individual may demon-
strate illness behavior attributes.** Health
care seeking at this stage includes behav-
ior that an individual demonstrates after
the onset of symptoms in order to define
(ie, diagnose) the state of health and de-
termine a remedy.”*> However, the on-
set of symptoms alone is not completely
predictive of care seeking. Only those
who perceive the condition to be serious
enough to cross a health care-seeking
threshold are thought to engage in the
health care system.*®

Presumably, all of the patients in
the present study perceived hip-related
symptoms to be serious enough to initiate
medical care, leading all the way through
surgical repair. This coincides with evi-
dence suggesting that technological ad-
vancements in diagnostic procedures
may generate greater consumer demand
for care, which the authors also account-
ed for in the adjusted model by including
the year surgery was performed.”* The
health care seeking that occurs during

illness behavior should not be underesti-
mated, for it has been demonstrated that
the average cost per person associated
with diagnosing FAI syndrome is nearly
$2500 and requires an average of 3.4 di-
agnostic visits.?

On the other hand, sick-role behavior
has been described as health care seek-
ing for the purpose of getting well and is
typically the steps taken after a diagnosis
has been made that is acceptable to the
patient.*® At some point, all of the pa-
tients in the present study demonstrated
sick-role behavior attributes based on the
utilization of treatment, with everyone
ultimately undergoing hip arthroscopy.
Sickness behavior can be influenced by
beliefs and expectations about the benefit
of the treatment strategy.*

Undoubtedly, some of this increase
in health care utilization specific to FAI
syndrome is related to the advancement
of surgical techniques,”*° as the rates of
surgery rose year after year in this cohort,
from 51 surgeries in 2005 to 358 in 2012.
Utilization rates can also be influenced by
the perceived severity of the condition,
but perhaps to a lesser extent than beliefs
and expectations.**> The most efficient
progression from the sick-role behavior
stage to a health behavior stage is when a
singular treatment approach leads to an
acceptable reduction of symptoms, or a
state in which the patient is content with
his or her current health status.

However, if a patient is not content
with his or her current status after un-
dergoing a given treatment, then he or
she will likely opt for another approach,
and will continue to do so until satisfied
with his or her health status.*® This hy-
pervigilance in the sick-role stage has
been linked to excessive care seeking.*’
The persistence of a sick-role behavior
after arthroscopic hip surgery helps to
explain why some patients in this study
had higher health care utilization rates
after surgery. Persistence of symptoms
after hip arthroscopy for FAI syndrome is
common, and acceptable symptom reso-
lution only occurs in about 60% of cases
who have been treated with surgery.>46
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Clinical Implications

The findings from this study suggest that
downstream utilization of health care
services may be predicted by prior pat-
terns of health care utilization. Health
care providers should consider health
care utilization, especially when making
diagnostic, treatment, and prognostic
decisions. Furthermore, because health
care utilization prior to surgery predicted
chronic opioid use after surgery, anyone
involved in the management of postop-
erative pain should be aware of patterns
of health care utilization and be attentive
to what role they might play in potential
opioid misuse.

Health care providers can also influ-
ence appropriate health care utilization
by providing proper education and help-
ing set acceptable expectations about the
course of diseases, the prognosis, and the
anticipated effects of given interventions.
The framework by which patients evalu-
ate their state of health can be heavily in-
fluenced by the interactions with health
care providers. This includes resisting the
financial incentives in a fee-for-service
model, and providing only necessary care.

Study Limitations

Our study has several limitations. Par-
ticularly, the data in this study were ob-
servational, and causal inferences cannot
be made. Generalizability of these find-
ings is another potential limitation. The
Andersen behavioral model of health
care utilization describes access to care
as an enabling factor."*® In health sys-
tems where access to care is unlike that
of the MHS, health care utilization may
be different. The MHS consists primar-
ily of military service members; however,
there are also many civilian beneficiaries
(spouses, children, retired military and
their families, etc), representing about
one third of our sample. Considering that
there were no significant differences be-
tween high and low health care utilization
groups based on military status, these
findings may be applicable to civilian set-
tings. To that end, the authors acknowl-
edge that there are inherent differences

| RESEARCH REPORT ]

at the systems level between the military
and other health systems that limit the
generalizability of these findings.

Fee-for-service reimbursement mod-
els have been associated with higher
health care utilization, but without
improvement in outcomes.’” While
high-volume utilization may not neces-
sarily correlate well with value,?®7 it is
unknown whether high health care utili-
zation is associated with patient-centric,
self-reported outcomes (better or worse)
of pain, function, and disability. There-
fore, future research is needed to inves-
tigate the relationship between health
care utilization and patient-reported
outcomes.

Finally, the authors acknowledge that
the constructs of health care utilization,
especially the behavioral influences, are
more complex than consumption of
health care resources alone. Multifaceted
models have been proposed that better
account for these behavioral complexi-
ties.” Implementation of these complex
models to produce quantifiable health
care-seeking measures may become pos-
sible as electronic medical records and
databases become more sophisticated in
tracking patterns of health care utiliza-
tion. In those cases, health care-seeking
behavior may become a more meaning-
ful component of a multivariate approach
to better understanding and managing
health care utilization.

CONCLUSION

INDINGS FROM THIS STUDY SUGGEST

that a number of postoperative

health care utilization measures are
predicted by presurgical health care uti-
lization. Health care providers should be
aware of patterns of health care utiliza-
tion when making decisions about treat-
ment and prognosis. ®

INKEY POINTS

FINDINGS: The results of this study dem-
onstrated that patterns of health care
utilization prior to orthopaedic surgery
predicted health care utilization after

surgery, including costs, visits, and
medication use. Even after adjusting
for comorbidities and other demo-
graphic factors, patterns of health care
utilization prior to surgery still predict
downstream utilization of health care
services.

IMPLICATIONS: Clinicians should con-
sider patterns of health care utilization
when making clinical decisions about
treatment and prognosis. Future stud-
ies should investigate the behavioral
features that may influence health care
utilization.

CAUTION: This retrospective cohort was
from the US Military Health System, in
which access to health care is different
from that of other health systems, and
therefore results may not be applicable
to other populations.
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e have all been in situations where we could recall
information but failed to remember the origin of that
information. This phenomenon is known as source
amnesia, and it is a problem that can markedly bias our
understanding of the context of the information acquired and how we
interpret and scrutinize that information. By definition, source amnesia

is the inability to recall where, when, or
how one has learned knowledge that has
been acquired and retained.”® Source am-
nesia is a problem in the political land-
scape, can influence business marketing
practices, and is often the reason for in-
correct recollections and confabulation/
distortion of memory.® The problem in-
creases exponentially when potentially
flawed information is openly available to
the public.

In this editorial, we describe the ease
with which bogus information can be
published in predatory journals, and
outline 3 risks to credible science asso-
ciated with published information and
downstream referencing, which may oc-
cur through source amnesia bias.

Every day, we open our inbox to find 10 to
20 e-mails that open with, “Greetings for
the day!” encouraging us to submit our
“scientific excellences” to their “esteemed”
journal. These predatory journals are a
fraud, and their existence threatens to
infect the scientific literature with false or
low-quality research.” Within the world
of scientific publishing, predatory jour-
nals fit the genre of supermarket tabloids.
We define a predatory journal as an open-
access publisher that actively solicits and
publishes articles for a fee, with little or
no real peer review. To date, there are al-
most 9000 predatory journals.’
Predatory journals are compromising
the scientific credibility of “published”

hink | Read That Somewhere

research.? These journals reportedly
often forgo peer and editorial review
and potentially pollute the scientific
landscape. Past concerns with predatory
journals have included the lack of a peer-
review process, lack of an editorial board,
and little to no description of the publica-
tion’s ethical standards.!

Frequently, manuscript publication
is solicited by predatory journals via
e-mail—preying on young or inexperi-
enced researchers who are under pres-
sure to “publish or perish” in order to be
promoted. The lure of getting something
published quickly is attractive in high-
pressure academic settings, and having
papers accepted quickly and easily can
give a false sense of success. Publication-
ready proofs are often quickly returned
to the author without peer review, and
the journal demands an article process-
ing charge.

Often, predatory journal webpages are
poorly designed, contain 10 times more
spelling errors than legitimate peer-
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reviewed journal websites, display un-
authorized images, and advertise bogus
impact metrics." In addition to duping
inexperienced researchers, these journals
also contribute to the dissemination of
“fake science” by failing to provide rigor-
ous peer review and quality control. This
may allow fake science, rejected by repu-
table peer-reviewed journals, to find the
light of day and enter the body of pub-
lished literature.

Although predatory journals indicate
that they perform rigorous peer review,
our and others’ experiences suggest oth-
erwise. Many times, these journals will
publish any article, as long as the author
pays. One author had a paper accepted
that only contained one sentence (“Get
me off your fucking mailing list”) repeat-
ed throughout the paper, and included
2 figures with the same words.® Clearly,
such an article is not a meaningful con-
tribution to science—a well-functioning
peer-review process would have identi-
fied this and rejected the manuscript.

Most predatory journals claim to offer
robust peer review.” Based on our expe-
rience, we highly doubt that peer review
occurs. In September 2018, we decided
to test our hypothesis by writing a fab-
ricated manuscript involving a fictitious
patient. We accepted the first solicitation
we received after writing our paper. In
our fabricated manuscript, the patient
was (1) deceased for 5 years; (2) unpro-
ductive at work; (3) not benefiting from
prior care (because he was dead); (4)
treated with repeated spinal manipula-
tions (250 thrusts to the low back); (5)
revived with the treatment; (6) treated by
his family with this same procedure for
an additional 3 months (home exercise
program); and (7) given a questionable
outcome because, despite being revived,
he had a global rating of change score
that was not clinically meaningful.

As if these rather obvious features
weren't enough, we laced the manuscript
with ridiculous findings, including the
key word gouda, a baseline quality-of-

life score of “0,” a timed up-and-go test of
“infinite,” and a posttreatment hand-grip
score of 14 kilotons. We included compli-
cated figures involving seed germination
over time and an unrelated Piet Mondri-
an painting, despite no relevance to the
case. We did our best to “flag” the manu-
script as a hoax, so that if any breathing
human read it, one could tell it was a
fake. These obvious fabricated findings
notwithstanding, we soon received a pub-
lication-ready PDF of the article (we re-
fused to sign the publishing agreement),
which was slated for publication within
2 weeks of the original submission (upon
payment of an article processing charge).
To our astonishment, the publication-
ready PDF included no changes to our
original submission, and the article was
primed for online publication/posting
from the only journal we submitted it to.

Publishing in a well-respected, reputable,
medical or rehabilitation journal is an
honor and contributes to the distribu-
tion of scientific knowledge, which can
potentially influence the care provided to
patients. Sadly, fake information has in-
fluenced legitimate research dissemina-
tion in at least 3 ways: (1) a wide range of
scientific results are false and well-cited
studies are infrequently replicated,* (2)
results are notably influenced by the re-
search funder and by one’s sponsorship or
vested interests,>® and (3) retractions of
scientific papers have increased markedly
over the last several years.!

Predatory journals compromise the
traditional scholarly publishing process
and have the potential to propagate “fake
science.” We argue that the ease in publish-
ing false information and its potential in-
teraction with source amnesia could lead
to a wealth of cited papers with garbage
results. We shudder to think of the ramifi-
cations of our hoax article being published,
and envision charlatans proclaiming that
manual therapy can bring back the dead.
Even bogus information can infiltrate clin-
ical practice, either through clinician- or
patient-driven mechanisms.

1. In the world of predatory publishing,
blatantly false information can be
published for a fee.

2. Despite their statements, predatory
journals frequently lack any form of
peer-review system. This is important,
because low-quality or fabricated re-
search may compete with legitimate
research that has been carefully vet-
ted in a peer-review process.

3. Source amnesia risks elevating fake
research to credible status once the
information is published. With over 2
million yearly scholarly publications,
remembering the source of information
we gather is challenging enough.
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Does a Diagnostic Classification Algorithm
Help to Predict the Course of Low Back
Pain? A Study of Danish Chiropractic
Patients With 1-Year Follow-up

n Denmark, low back pain (LLBP) is the most common reason for Low back pain is a symptom influ-
consulting a primary care clinician, the most costly expense in enced by many factors, and people with
primary care, and the most common cause of sick leave.® Up to LEE gf’frflsmute 2 heter‘;gen_eo‘; ﬂ%mup

. . . . t t t

85% of patients with LBP have nonspecific LBP, with no known ' GHCreit sources o7 patt, crieren
derlvine path tomi fth . diti . hich treatment responses, and different prog-
underlying pathoanatomic cause of the pain, a condition in which oo s0ss Mych effort has been put into
there are only modest effects from the best available treatments.* jdentifying homogeneous subgroups of

patients with nonspecific LBP, and, in

©BACKGROUND: A diagnostic classification al- group of patients, the numbers of visits to primary recent years, these efforts have focused
gorithm, “the Petersen classification,” consisting of ~ and secondary care were described. on psychological and social factors, some
12 categories based on a standard_lzed examination & RESULTS: The Petersen classification was of which have shown promise.1529 None-
Efrni)(tjzcr:]%lf,yvivr?gs Cdl?er\]/iig;l);ﬁ ;cr:qr Otgsng‘aagLrlnsasri/J g)gurropuosseof statistically significantly associated with all theless, primary care clinicians largely
individuals with low back pain (LBP). outcomes (P<.001) but explained very little of the rely on structural/biomechanical models,

variance (R? = 0.00-0.05). Patients in the nerve based on the notion that the structural/

© OBJECTIVES: To investigate whether a diag- root involvement category had the most pain and bi hanical £th . b

nostic classification algorithm is associated with activity limitation and the most visits to primary ; 1om<'ac anicat source o t € pain must be
activity limitation and LBP intensity at follow-up and secondary care. Patients in the myofascial identified to choose the right treatment.”
assessments of 2 weeks, 3 months, and 1 year, and  pain category were the least affected. In 2003, Petersen et al®' presented a
whethﬁr i3 el ity |mpfr(l>(ves outcome sl © CONCLUSION: The Petersen classification was diagnostic classification system based
tion when added to a set of known predictors. not helpful in determining individual prognosis in on elements that were typical in the ex-
©METHODS: This was a prospective observa- patients with LBP receiving usual care in chiroprac- amination of a patient with LBP, and ele-

tional study of 934 consecutive adult patients with tic practice. However, patients should be examined ments that had some empirical support.
new episodes of LBP who were visiting chiropractic  for potential nerve root involvement to improve The “P lassification” h b

practices in primary care and categorized accord- prediction of likely outcomes. € etersen' classi catlon. as subse-
ing to the Petersen classification. Outcomes were quently been implemented in 3 of 5 re-

disability and pain intensity measured with ques- J.(;'EHYEL SO F EVLI:;EN%F : Pzrgfg(zgs] lle\g;t; 16 gions in Denmark as an evidence-based
tionnaires at 2 weeks and 3 months, and 1-year INHIED SEUUS AP Uity 48(L1): :

) ; examination protocol for patients with
trajectories of LBP based on weekly responses to Epub 8 May 2018, doi:10.251%/jospt.2018.8083

) ific LBP?*%6 wh t high risk
text messages. Associations were analyzed with @KEY WORDS: back pain, classification, nonspeciiice who are at ugh 11s

linear and logistic regression models. In a sub- Petersen, primary care, prognosis of developing chronicity according to the
STarT Back Tool (SBT),* at risk of sick
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leave or continued sick leave, or have ex-
perienced inadequate or no improvement
2 weeks after the initial consultation. The
intention is to contribute to diagnostic
clarification and stratification of patients
for intervention to prevent long-lasting
pain and chronicity,>*¢ although the
usefulness of the classification system to
guide treatment remains unclear.

The classification consists of 12 cat-
egories based on the most likely source
of pain and 1 category based on abnormal
illness behavior®® (APPENDIX A, available
at www.jospt.org). The specific crite-
ria for each diagnostic category are met
by items assessing patient history and
a comprehensive clinical examination
protocol that incorporates neurological
signs, symptom responses to end-range
testing, tests for sacroiliac joint and facet
joint pain, adverse neural tension tests,
and nonorganic signs. The order of the
clinical tests in the examination proce-
dure follows a specific algorithm, gen-
erated for several reasons. Clinical tests
are likely to stress several lumbar struc-
tures simultaneously, thereby generating
false-positive responses.>** Considering
the category expected to have the highest
prevalence first'® was expected to dimin-
ish the likelihood of false-positive tests in
the remaining categories. Furthermore,
the more specific pathoanatomical pain
sources (eg, disc, sacroiliac joint, facet
joint) are considered in the algorithm
before those based on pain originating
from connective tissue of the low back
and nonspecific structures (eg, dysfunc-
tion syndrome and postural syndrome).
Interexaminer reliability was found to
be acceptable for the largest categories
in 2 small cohorts (74%-100%), while
reliability for the smaller categories is
unknown.?>32

In a primary care cohort of 110 pa-
tients,? the classification categories were
shown to be associated with both pain-
course patterns and the total duration
(days) of LBP. Furthermore, some of the
individual categories have been shown
to be valid as prognostic factors of poor
outcome (abnormal pain syndrome’ and

| RESEARCH REPORT ]

nonmechanical disc syndrome'?), where-
as several studies have found central-
ization of the patient’s most distal pain
toward the low back on end-range testing
to be associated with good outcome. 574041

Because there are no universally ac-
cepted gold standards for the diagnostic
categories of this classification, we do
not know whether the diagnoses pro-
posed by the classification categories are
associated with anatomical structure or
“pathobiomechanics.” Therefore, the clas-
sification categories are to be regarded as
labels, not specific diagnoses. However,
because the primary concern is patient
outcomes® and our present ability to ac-
curately predict individual prognosis is
limited, it would be helpful for patients
and clinicians if the categories of the
classification were shown to be associ-
ated with outcomes. Therefore, we inves-
tigated the association of these categories
with prognosis.

The primary objective of this paper
was to investigate whether the Petersen
classification was associated with activity
limitation and LBP intensity at 2 weeks
and 3 months, and with 1-year trajec-
tories of LBP intensity. The secondary
objective was to investigate whether the
Petersen classification improved the pre-
diction of LBP intensity, activity limita-
tion, and LBP trajectories when added to
a set of known clinical predictors (SBT,
age, sex, duration of pain, LBP in the last
year, and patient recovery expectations).
Last, we described the treatment chosen
and treatment intensity in each diagnos-
tic category.

METHODS

Study Design

HIROPRACTORS (N = 36) FROM 17

chiropractic clinics in a Danish clin-

ical research network invited con-
secutive patients with LBP, independent
of previous LBP history, from September
2010 to January 2012 to participate in a
prospective observational study. Patient
recruitment and the cohort characteris-
tics have been described previously.®'?

Participating chiropractors attended a
1-day seminar covering the study proce-
dures, as well as the theory and practice
of the examination protocol. Following
the seminar and prior to the start of the
study, a research assistant with extensive
clinical experience and a diploma in Me-
chanical Diagnosis and Therapy*’ visited
all clinics to ensure that clinical examina-
tion procedures were standardized.

Participation in the study did not in-
fluence treatment, and therefore the local
ethics committee declared that the study
did not need ethics approval according to
Danish law (DNcoBR, 2011). The project
was approved by the Danish Data Protec-
tion Agency (J-number 2012-41-0762).

Patients were included if they had
LBP of any duration (with or without leg
pain), were 18 to 65 years of age, could
read and understand Danish, had access
to a mobile phone, and were able to use
text messaging (SMS). Exclusion criteria
were pain-related pathology or inflam-
matory pain, need for acute referral for
surgery, pregnancy, or having received
treatment for LBP within the previous
3 months. All questionnaires were sent
directly to the research department, and
answers were anonymized.

Data Collection

Patients completed questionnaires in the
reception area prior to the first consulta-
tion. Those patients who were included
were given a 2-week follow-up question-
naire and a prepaid envelope at the end
of the initial consultation. Additionally,
follow-up questionnaires were mailed
after 3 and 12 months. Nonresponders
were contacted by telephone to make
sure they had received the questionnaire.
Patients received an SMS question each
Sunday for 52 weeks asking about their
typical LBP intensity during the preced-
ing week. The SMS message responses
went directly into a data file, accessible
only to the researchers.

The initial examination by the chi-
ropractor followed the standardized
examination protocol for the Petersen
classification,? as described (APPENDIX A).
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Measurements

Patient-Reported Baseline Informa-
tion The following data were collected:
age, sex, physical workload (mainly sitting,
sitting and walking, light physical work, or
hard physical work), sick leave taken (days
off work due to LBP within the previous
month), educational level (no qualifica-
tion, vocational training, higher education
of less than 3 years, higher education of
3 to 4 years, or higher education of more
than 4 years), activity limitation (on the
Danish version of the Roland-Morris
Disability Questionnaire [RMDQ] con-
verted to a proportional score, with 0% as
no disability and 100% as maximum dis-
ability®), LBP characteristics (pain dura-
tion of less than 2 weeks, 2 to 4 weeks, 1
to 3 months, or greater than 3 months),
number of previous LBP episodes (0, 1 to
3, or more than 3), days with LBP during
the previous year (up to 30 days or greater
than 30 days), LBP intensity (typical in-
tensity of back pain during the previous
week, measured on a numeric rating scale
[NRS], ranging from O to 10, where O is
no pain and 10 is the worst imaginable
pain’®), leg pain intensity (typical inten-
sity of leg pain during the previous week,
measured on the NRS), psychological fac-
tors (recovery expectations [“How likely
do you think it is that you will be fully re-
covered in 3 months?”], measured on an
NRS, ranging from O to 10, where 0 is no
chance and 10 is high chance*), depres-
sive symptoms (Major Depression Inven-
tory, O to 50, sum score?), Fear-Avoidance
Beliefs Questionnaire physical activity
subscale (0 to 24, sum score), Fear-Avoid-
ance Beliefs Questionnaire work subscale
(0 to 42, sum score®), general health (self-
perceived general health using the Euro-
Qol-5 Dimensions 0-to-100 visual analog
scale, where O is the worst imaginable
health state and 100 is the best imaginable
health state®?), and the SBT (3 prognos-
tic profiles: low-, medium-, and high-risk
groups for persistent LBP disability').

The Petersen Classification
Based on the results of the examination,
chiropractors categorized patients ac-

cording to the Petersen classification.? If
the patient fulfilled the criteria for more
than 1 category, then the chiropractor
could give a secondary diagnosis. In our
study, we added a category named “partly
reducible disc” to the first part of the ex-
amination algorithm. This category in-
cluded patients whose pain centralized
on end-range testing, but not sufficiently
to meet the criteria for a reducible disc
(APPENDIX A). When choosing the primary
diagnosis, chiropractors had to adhere
to the hierarchy of the classification al-
gorithm: nerve root involvement (NRI)
greater than discogenic pain (reducible,
partly reducible, nonreducible, nonme-
chanical) greater than adherent nerve
root, stenosis greater than sacroiliac joint
pain, facet joint pain greater than dys-
function, and postural syndrome greater
than myofascial pain, abnormal nerve
tension, and abnormal pain syndrome
(APPENDIX A).

Outcome Measures
Low back pain intensity was measured on
an NRS at 2-week and 3-month follow-
ups.’® Activity limitation was measured
using the RMDQ at 2-week and 3-month
follow-ups.2°

Low back pain intensity trajectories
were based on a weekly SMS asking,
“Over the last week, how intense was
your LBP typically on a scale from 0 to
10?” (0, no pain; 10, severe pain) for 1
year. Based on the SMS answers, 5 dis-
tinct LBP trajectories (recovery, recovery
with mild relapses, slow improvement,
moderate ongoing or relapsing, and se-
vere ongoing) (APPENDIX B, available at
www.jospt.org) were identified by latent
class analysis in a previous study based
on the same cohort.” Not all patients in
the cohort could be assigned in an un-
equivocal manner to a trajectory. This
is reflected by posterior probabilities as-
signed by the latent class analysis to each
patient and each trajectory. We included
only patients with a 95% certainty for 1
trajectory. To facilitate the interpreta-
tion of the results, we merged the 5 LBP
trajectories into 3 trajectory groups of

good outcome (“recovery” trajectory),
intermediate outcome (“recovery with
mild relapses” and “slow improvement”
trajectories), and poor outcome (“mod-
erate ongoing or relapsing” and “severe
ongoing” trajectories).

The intended treatment was regis-
tered by the chiropractor at the first con-
sultation. The number of visits to primary
and secondary care was obtained from re-
gional and national registries for a sub-
group of 444 patients from the Region of
Southern Denmark.

Data Analysis

Cases in which the secondary diagnosis,

according to the hierarchy of the classi-

fication algorithm, should have been the
primary diagnosis were recoded before
further analysis. Categories with fewer
than 10 patients were excluded from fur-
ther analyses, as the limited sample size
could have only provided very imprecise
estimates of the average prognoses.

The statistical analysis was performed
in 5 steps:

1. Baseline characteristics and continu-
ous variables were summarized using
the median and 10th and 90th percen-
tiles. For categorical variables, propor-
tions were reported.

2. Dropout analyses were performed to
compare patients who responded to
activity limitation and LBP intensity
at 3 months with patients who did not,
and patients who could be allocated
to an LBP trajectory were compared
with those who could not. A Wilcoxon
rank-sum test was used for continu-
ous variables and a Pearson chi-square
test for categorical variables.

3. Primary objective: distributions of the
RMDQ scores in the diagnostic cat-
egories were illustrated in box plots,
and distributions of LBP intensity
scores and LBP trajectories were il-
lustrated in stacked bar charts. To as-
sess prognostic capacity, a model (A)
that included only the Petersen classi-
fication as an independent categorical
covariate was evaluated using linear
regression analyses, taking potential
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clustering within clinics into account.
The predictive capacity of the Peter-
sen classification was assessed by the
amount of explained variation in the
outcomes and reported as adjusted
R2. The statistical significance of the
association between the Petersen
classification and each outcome at
each time point was reported as a P
value. In this analysis, the 3 trajectory
groups were handled as a continu-
ous outcome and coded as 1, 2, and
3. To facilitate the clinical interpreta-
tion, we further dichotomized activ-
ity limitation (RMDQ proportional
score of 8/100 or less and greater than
8/100), as a score of 2/24 or less on
the RMDQ (0-24 scale) has been
shown to most accurately identify pa-
tients who consider themselves com-
pletely recovered.”” The proportions
of patients with an activity limitation
proportional score of 8/100 or less at
2-week and 3-month follow-ups were
reported, and logistic regression anal-
ysis was used to assess the statistical
significance of the associations.

. Secondary objective: a predictive
model (B) that included a set of known
prognostic variables as covariates and
amodel (C) that included all prognos-
tic variables (the Petersen classifica-
tion and the set of known prognostic
variables) were evaluated using linear
regression analysis, and presented as
adjusted R? values. Comparison of the
prognostic capacity (adjusted R?) of
models B and C was performed, and
reported as P values to show whether
adding the Petersen classification sub-
stantially increased the prognostic ca-
pacity compared to known prognostic
factors alone. For all analyses, only
patients with complete information
on both classification and outcomes
were included. No imputations were
performed.

. The choice of treatment was summa-
rized using proportions with 95% con-
fidence intervals (CIs), and the number
of chiropractic and general practitioner
visits over 1 year in each category was

| RESEARCH REPORT ]

summarized using median, and 10th

and 90th percentiles. The proportion

of patients with back-related visits in
secondary care during the year after in-
clusion was reported for each category.

Because these proportions were only

used descriptively, a test of statistical

significance was not performed.

For all analyses, the significance level
was P<.05. Analyses were performed us-
ing Stata Version 14 (StataCorp LLC, Col-
lege Station, TX).

RESULTS

HE COHORT CONSISTED OF 934 PA-
Ttients with an average + SD age of 43

+ 12 years and 45% of whom were
female. About 3 out of 4 had LBP of less
than 1 month in duration (TABLE 1). Loss
to follow-up was 17% to 33% in relation
to LBP intensity and activity limitation
across all time points. Twenty-two percent
could not be allocated to an LBP trajec-
tory (FIGURE 1). In relation to LBP intensity

and activity limitation, the nonresponders
tended to be younger (mean age, 39 ver-
sus 44 years), more often male (60% ver-
sus 54%), to have LBP of longer duration
(20% versus 12% with pain of greater
than 3 months in duration), more de-
pressive symptoms (median, 8 versus 6),
lower educational level (44% versus 34%
with no qualification or vocational train-
ing), heavier physical work (30% versus
19% with heavy physical work), and more
fear-avoidance beliefs in relation to work
(median, 15 versus 11) (APPENDIX C, avail-
able at www.jospt.org).

The numbers of patients in the non-
mechanical disc (n = 3), postural syn-
drome (n = 7), adherent nerve root (n
= 2), stenosis (n = 3), adverse neural
tension (n = 0), and abnormal pain syn-
drome (n = 0) categories were too low to
describe sufficiently.

The primary diagnosis of the classi-
fication was recoded for 86 participants
for whom the chiropractor had not ad-
hered to the hierarchy of the classifica-

| Signed up as participants, n = 970 |

A 4
| Included participants, n = 947 |

>| Not consistent with inclusion criteria, n = 23 |

#{ Missing entire examination form, n = 13 |

v
| Study cohort, n =934 |

A

2-week follow-up
« RMDQ, n = 777 (83%)
« LBP intensity, n = 622 (67%)

A

3-month follow-up
+ RMDQ, n =736 (79%)
« LBP intensity, n = 733 (78%)

v
Allocated to LBP intensity trajectory,
n =724 (78%)

Morris Disability Questionnaire.

|
FIGURE 1. Flow chart from registration to 3-month follow-up. Abbreviations: LBP, low back pain; RMDQ, Roland-
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tion algorithm. About one third of these
were primary diagnoses of dysfunction,
with a secondary diagnosis of facet pain
being converted to a primary diagnosis
of facet pain.

The Petersen classification was asso-
ciated with both activity limitation and
LBP intensity at 2 weeks and 3 months
(FIGURES 2 and 3, TABLE 2), as well as with
1-year trajectories of LBP (FIGURE 4, TABLE
2), but to a low degree (R? always equal
to or less than 0.05). The most extreme
categories were NRI and myofascial pain,
with patients in the NRI category having
the most and patients in the myofascial
pain category having the least pain and
activity limitation. Based on the dichoto-
mized disability score, 7% (95% CI: 1%,
44%) of patients in the NRI category and
70% (95% CI: 47%, 86%) of patients in
the myofascial pain category considered
themselves to be completely recovered at
3-month follow-up (TABLE 3). In the rest
of the categories, between 42% and 57%
considered themselves to be completely
recovered at 3-month follow-up.

To examine whether significant dif-
ferences were due to the NRI category
having very distinct outcomes, we did a
post hoc analysis without the NRI cat-
egory. The Petersen classification was
still associated with activity limitation at
2 weeks (P<.01, adjusted R? = 0.017) and
3 months (P = .02, adjusted R? = 0.008),
LBP intensity at 2 weeks (P<.001, adjust-
ed R? = 0.006) but not 3 months (P =.32,
adjusted R? = 0.002), and not associated
with 1-year trajectories of LBP intensity
(P = .08, adjusted R = 0.000).

Regarding the choice of treatment in
dependence on the classification (APPENDIX
D, available at www.jospt.org), we observed
that NRI patients as well as patients clas-
sified as nonconclusive differ in several
aspects from the other patients. Moreover,
centralizing exercises were a popular
choice in the case of disc involvement, but
not otherwise, and stretching exercises and
soft tissue treatment were more popular in
patients with myofascial pain. Otherwise,
planned treatment for patients in the 9
categories was quite similar.

In 444 patients with data on health
care utilization, the number of visits to
primary care was similar across all cat-
egories, with the exception of the NRI
category. While patients in the NRI cate-

gory had a median of 13 visits (10th-90th
percentiles, 5-17) at 3-month follow-up,
the rest of the categories had a median
of 5.5 to 7.0 visits (10th-90th percentiles,
1.2-16.1). The same pattern was present

TABLE 1

DESCRIPTIVE BASELINE FACTORS*

All Patients (n = 934)

Mean+ SD age, y
Sex (female)
Physical workload
Sitting
Sitting/walking
Light physical work
Heavy physical work
Sick leave
Any days off work within previous month
Educational level
No qualification
Vocational training
Higher education for <3y
Higher education for 3-4 y
Higher education for >4y
Duration of pain
0-2 wk
2-4 wk
1-3mo
>3 mo
Previous LBP episodes
0 episodes
13 episodes
>3 episodes
LBP in the last year
<30d
>30d
LBP intensity (0-10)f
Leg pain intensity (0-10)f
Recovery expectations’
Depressive symptomst
Fear-avoidance beliefs-physical activity!
Fear-avoidance beliefs-workt
STarT Back Tool
Low risk
Medium risk
High risk
Activity limitation (0-100)t
General health (0-100)"

43+12
45

24
34
21
21

22

26
16
34
15

63
14
10
13

16
35
49

74
%
7(3-9)
2(07)
9.(4-10)
6(1-18)
13(6-20)
11(326)

—

54
38
3
52 (17-83)
70 (35-90)

Abbreviation: LBP, low back pain.
*Values are percent unless otherwise indicated.
Walues are median (10th-90th percentile).
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FIGURE 2. Distribution of the RMDQ scores in the 9 diagnostic categories in 934 chiropractic patients at (A) baseline, (B) 2-week follow-up, and (C) 3-month follow-up.
Abbreviations: RMDQ, Roland-Morris Disability Questionnaire; S, sacroiliac. Dots are outliers representing 1.5 times the interquartile range.
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Numeric Rating Scale Numeric Rating Scale Numeric Rating Scale
P<.001 (no patients reported 9 or 10)
P<.001
Low Back Pain Intensity (0-10)*
Baseline 2wk 3mo
Reducible disc 7(,7) 3(2,3) 141
Partly reducible disc 7(7,8) 3(2,3) 111
Nonreducible disc 7(7,8) 3(2,4) 1(0,1)
Nerve root involvement 5(@3,8) 51,7) 2(1,5)
Sacroiliac joint pain 7(6,7) 3(3,4) 1(0,2)
Dysfunction 6(6,7) 4(1,5) 1(0,2)
Facet joint pain 7(6,7) 2(2,3) 11,1
Myofascial pain 6(57) 2(1,3) 1(0,1)
Nonconclusive 6(57) 3(2,4) 0(0,1)

*Values are median (95% confidence interval).

FIGURE 3. Distribution of the low back pain intensity scores in the 9 diagnostic categories in 934 chiropractic patients at (A) baseline, (B) 2-week follow-up, and (C) 3-month
follow-up. Abbreviation: S, sacroiliac.
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at 1-year follow-up (TABLE 4). The propor-
tion of patients with back-related visits
to secondary care ranged from 3% (95%
CI: 0%, 9%) for patients in the facet joint
pain category to 56% (95% CI: 21%,
86%) for patients in the NRI category
(TABLE 4). Six patients had back surgery
during the 1-year follow-up. One of these
patients was in the NRI category and 4

were in the disc-related categories.

We found only minor differences be-
tween the categories (FIGURES 2 through 4).
Thus, the Petersen classification explained
very little of the variance on its own (R?
= 0.00-0.05) and performed much worse
than a set of known clinical predictors
(age, sex, duration of pain, LBP in the
last year, SBT, and patient’s recovery ex-

TABLE 2

THE PROGNOSTIC CAPACITY OF THE DIAGNOSTIC
CLASSIFICATION, A SET OF KNOwWN CLINICAL
PREDICTORS, AND A COMBINATION OF THE Two*

Set of Known Predictors

Diagnostic Classification [ Set of Known Predictors Plus Diagnostic
(Model A) (Model B)t Classification (Model C)*
2wk 3mo 2wk 3mo 2wk 3mo
Activity limitation 0.0418 0.0518 0.4708 0.193¢ 0.158" 0219
LBP intensity 0.015¢ 0.0048 0109 0.155¢ 0.1051 0171
1-year LBP trajectories 0.0118 0183 01861

Abbreviation: LBP, low back pain.

tient’s recovery expectations.

*Values are reported as adjusted R? in relation to the 3 outcomes.
'Set of known predictors: STarT Back Tool, age, sex, duration of pain, LBP in the last year, and pa-

P value for likelihood ratio test comparing model B and model C.

$P<.001.
'P<.05.
P>.1.
PROPORTION OF PATIENTS WITH AN ACTIVITY
TABLE 3 LIMITATION PROPORTIONAL SCORE OF 8 OR LESS AT
2-WEEK AND 3-MoONTH FoLLOW-UPS
T
n Percent n Percent?
All patients 7768 25(22,28) 735" 50 (46, 53)
Reducible disc 172 24 (19, 31) 169 47 (40, 55)
Partly reducible disc 192 23(17,29) 188 51 (44, 58)
Nonreducible disc 44 20 (11, 36) 37 46 (30, 63)
Nerve root involvement 14 14(3,48) 1 7(1,44)
Sacroiliac joint pain 73 21(13,32) 64 42 (30, 55)
Dysfunction 30 23 (11,43) 29 48 (30, 67)
Facet joint pain 150 30(23,38) 144 57 (49, 65)
Myofascial pain 26 50 (30, 70) 23 70 (47,86)
Nonconclusive 57 26 (16, 40) 51 53(39,67)

2-week follow-up.
3-month follow-up.

§18 patients missed the diagnostic classification.
'16 patients missed the diagnostic classification.

*P<.01. P value for the association between the diagnostic classification and activity limitation at
'P<.001. P value for the association between the diagnostic classification and activity limitation at

“Values in parentheses are 95% confidence interval.

pectations; R? = 0.11-0.19) (TABLE 2). Con-
sequently, it did not add considerably to
the explained variance of the set of known
predictors, even though it was statistically
significant for activity limitation at 2-week
and 3-month follow-ups.

DISCUSSION

HE PETERSEN CLASSIFICATION HAS

limited value in predicting out-

comes for patients with LBP in
chiropractic practice. It was statistically
significantly associated with both short-
term outcomes and 1-year trajectories of
LBP intensity; however, aside from the
NRI category, the group differences were
small and the classification explained
little of the variation in outcomes. We
cannot exclude that category-specific
treatment has contributed to mask
baseline differences in prognosis. Other
studies have found that patients in the
reducible disc categories responded
significantly better to treatment when
randomized to appropriate centralizing
exercises compared to other treatments
or exercises.”® In our study, 47% to 84%
of patients in the disc categories re-
ceived centralizing exercises, compared
to less than 7% in the other categories,
and patients in the myofascial category
received more stretching and soft tissue
treatment than the others. This could
indicate that potential differences in
prognosis between some diagnostic cat-
egories were evened out by effective tar-
geted treatment. When added to a set of
known clinical predictors, the classifica-
tion improved the prediction of activity
limitation, suggesting that the clinical
examination provided an independent,
but small, amount of information about
the condition that the other measured
covariates did not.

The observed differences between cat-
egories confirmed previous findings that
the NRI category was substantially dif-
ferent from the nonspecific LBP category,
and the myofascial category tended to
have the best and the nonreducible disc
category the worst prognosis of the non-
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specific LBP categories."?*3744 Kong-
sted et al** found this to be true also for
patients with LBP referred to secondary
care, as patients with NRI had poorer
outcomes on all measures compared with
patients with nonspecific LBP.

In a subpopulation, the number of
treatments was lower in the categories
with the best outcomes, and vice versa.
For example, patients in the myofascial
pain category had the fewest and second
fewest number of visits to primary and
secondary care, respectively, and report-
ed the least pain and activity limitation

| RESEARCH REPORT |]

at both 2-week and 3-month follow-ups,
whereas patients in the NRI category had
poorer outcomes on all measures and
consulted primary care almost twice as
frequently as those in the other catego-
ries. However, as it seemed that some di-
agnostic categories triggered differences
in treatment approaches, they may also
have triggered differences in treatment
intensity and referral to secondary care
facilities, thereby affecting the outcome.
We pragmatically studied the classifi-
cation as applied in usual clinical practice
by a large number of clinicians with very
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M Good outcome
[ Intermediate outcome
M Poor outcome
Outcome Trajectories™
Good Outcome Intermediate Outcome Poor Outcome
Reducible disc 43 (36, 51) 34.(27,41) 23(17,30)
Partly reducible disc 39(32,46) 30(24,37) 32(25,39)
Nonreducible disc 46 (31, 62) 20(10, 35) 34.(21,50)
Nerve root involvement 18 (5, 46) 24.(8,52) 59(33,81)
Sacroiliac joint pain 47 (35,59) 2919, 41) 24.(15, 36)
Dysfunction 50 (31, 69) 25(12, 45) 25 (12, 45)
Facet joint pain 51 (42, 60) 24.(18,33) 24.(18,33)
Myofascial pain 54(34,73) 15(5, 36) 31(15,52)
Nonconclusive 52 (38, 65) 29 (18,43) 19(10,33)

*Values are proportion (95% confidence interval).

FIGURE 4. Distribution of the 3 low back pain trajectory groups (good, intermediate, and poor outcome) within the
9 diagnostic categories, based on 934 chiropractic patients. Abbreviation: Sl, sacroiliac.

little extra training, likely reflecting the
way it is utilized in everyday chiropractic
practice. The geographical dispersion of
the participating chiropractors ensured
a broad representation of Danish chiro-
practic patients. It is possible, however,
that the results would have been differ-
ent had the participating chiropractors
had more training in the examination
algorithm, as the hierarchical thinking of
this protocol was new to most of them.

We introduced the extra category
“partly reducible disc” because it is our
impression that clinicians treat patients
with modifiable pain (ie, pain that does
centralize, but not to the degree that
fulfills the criteria for the reducible disc
category) in a manner similar to that of
patients in the reducible disc category.
We were therefore reluctant to merge
the “partly reducible disc” category with
the “nonreducible disc” category. Based
on the results of this study, the reduc-
ible and partly reducible disc categories
seem to be similar in their associations
with outcomes. However, in terms of
care, patients in the partly reducible disc
category were more similar to those in
the nonreducible disc category, utilizing
about 25% more health care visits than
patients in the reducible disc category.
In terms of prediction, the introduction
of the partly reducible disc category may
thus have confused the results of the disc
categories.

Despite the relatively large cohort,
the numbers of patients in the nonme-
chanical disc, postural syndrome, adher-
ent nerve root, stenosis, adverse neural
tension, and abnormal pain syndrome
categories were too low to describe them
sufficiently. This does not mean that they
could not be relevant when present. Sur-
prisingly, we did not find any patients in
the abnormal pain syndrome category.
This category has been quite prevalent in
other studies where these tests have been
the primary focus of the study.*'® In our
study, the tests for abnormal pain syn-
drome were the last tests in a long exami-
nation algorithm; thus, if both abnormal
pain syndrome and another diagnosis
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co-occurred, then the abnormal pain syn-
drome would not be reported. It may also
be that chiropractors in Denmark attract
a different population of patients.?®

We cannot exclude that nonresponse
may be related to the individual out-
comes. However, our nonresponder anal-
yses indicated no relationship between
the nonresponse and the diagnostic clas-
sification, and it is therefore unlikely that
loss to follow-up affected the prognostic
differences between the categories.

Based on the results of this study and
those of previous studies, it is important
to identify patients with NRI, as these
patients have a different prognosis from
patients with nonspecific LBP.?>?* Other-
wise, our results suggest that the Petersen
classification is not helpful in subgroup-
ing patients with different types of back
pain for prognostic purposes, a result that
lends support to existing evidence that
diagnoses based on clinical tests are not
helpful in establishing patient progno-
sis.”! Further, 6 out of 14 categories were
rarely represented in a cohort of 934 pa-
tients, and the chiropractors disagreed or
partly disagreed with the primary diag-
nosis in one third of the sample, which
raises the question of whether the clas-

sification algorithm in its current form is
useful in chiropractic practice.

CONCLUSION

HE PETERSEN CLASSIFICATION HAS
Tlimited value in predicting out-

comes for patients with LBP receiv-
ing usual care in chiropractic practice.
We did not investigate whether the clas-
sification might be helpful in guiding the
choice of treatment, but for informing
prognosis, clinicians should rely on other
information shown to be predictive for
patients with LBP. However, identifying
patients with NRI is important, as these
patients have a prognosis different from
that of patients with nonspecific LBP. ®

INKEY POINTS

FINDINGS: Subgrouping patients accord-
ing to the Petersen classification is not
helpful in predicting the future course
of patients with low back pain in chi-
ropractic practice. Patients with signs
of nerve root involvement have a worse
prognosis than patients with nonspecific
low back pain.

IMPLICATIONS: If the examination is used
to inform prognosis, then only the neu-

TABLE 4

NuMBER OF HEALTH CARE VISITS IN THE
9 DiagNoOSTIC CATEGORIES AT 1-YEAR

FoLLOW-UP IN 444* PATIENTS IN THE REGION
OF SOUTHERN DENMARK

Back-Related
Visits to Visits to General Total Visits to Visits to
Chiropractor® Practitioner® Primary Care’*  Secondary Care®

Reducible disc (n = 114) 6(2-16.5) 4(1-13.5) 11(3.529) 9(4,16)
Partly reducible disc (n = 112) 6(2-134) 5(0-17) 14 (5-277) 13(8,21)
Nonreducible disc (n = 37) 5(2-10.4) 6(0.8-24.2) 13 (4.8-32.6) 14.(5,29)
Nerve root involvement (n = 9) 8 (2-15) 11(1-19) 21(7-34) 56 (21, 86)
Sacroiliac joint pain (n = 32) 6.5 (2-15) 45(0-20.8) 11(6.3-36.8) 19(7,36)
Dysfunction (n =18) 45(2-16) 7(1814.5) 14(59-28.2) 11(1, 35)
Facet joint pain (n=77) 6.4(18-102) 5(1-152) 11(4.8-25.2) 3(0,9)
Myofascial pain (n = 18) 4.5 (1-14.4) 4(0-17.3) 10 (3.8-31.3) 6(0,27)
Nonconclusive (n = 12) 4(09-18.6) 55(0-20.1) 115 (1.9-299) 17 (2, 48)

*15 patients missed the diagnostic classification.
Values are median (10th-90th percentile).
“Including visits to physical therapists.

$Values are proportion (95% confidence interval).

rological examination seems relevant.
Future prognostic research should
include examination findings about po-
tential nerve root involvement.

CAUTION: Several categories were not or
only sparsely represented in this popula-
tion. Results might be different in other
cohorts.
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APPENDIX A

CRITERIA FOR DIAGNOSTIC CATEGORIES

Diagnostic Categories Criteria

1. Nerve root involvement + Dominant pain below gluteal fold
« Positive straight leg raise test
+ Reflex and/or muscle weakness corresponding to dermatomal distribution of the leg pain

2a. Reducible disc +  LBP with or without leg pain
+ AROM painfully limited in at least 1 direction
+  Centralization* on end-range testing

2b. Partly reducible disc +  LBP with or without leg pain, plus
+ AROM painfully limited in at least 1 direction, plus
«  Centralization* on end-range testing but the pain does not centralize 1 full region," or
+  Centralization* of pain immediately after end-range testing but, after resuming a weight-bearing position, the pain returns to
pretest intensity
+ Most distal pain is reduced but does not disappear

2¢. Nonreducible disc «  LBP with or without leg pain, plus
+ AROM painfully limited in at least 1 direction, plus
+ No centralization* or improvement in pain intensity after test
»  Peripheralizationt in at least 1 direction on end-range testing

2d. Nonmechanical LBP with or without leg pain, plus
« Increased pain intensity after testing in all directions
+ No improvement in AROM, and
+Dominant pain above S1, but does not fulfill criteria for facet joint pain, or
+ Antalgic posture, or
»  Symptoms change side on testing in lateral bending or rotation

3. Adherent nerve root + Dominant pain below gluteal fold
+ Does not fulfill criteria for categories 1 or 2a through 2d
+ Reduced ROM in flexion with referral of pain to the leg, but only in end range (on/off type of pain)
+No pain in flexion in the lying position
No change after end-range testing
4. Stenosis +  Dominant pain below gluteal fold
« Does not fulfill criteria for categories 1, 2a through 2d, or 3
+ Symptoms diminish when sitting and worsen when walking
 Walking distance increases when the back is in flexion

5. Sacroiliac joint pain «  LBP with or without leg pain, plus
+ Does not fulfill criteria for categories 1, 2a through 2d, 3, or 4
A minimum of 3/5 positive sacroiliac joint tests®

6. Facet joint pain + Local LBP
« Does not fulfill criteria for categories 1, 2a through 2d, or 3 through 5
+Pain on combined extension/rotation, and
Atleast 2 of the following:
Best position: sitting
Best activity: walking
Paraspinal onset of pain
Age >50y
7. Dysfunction «  LBP with or without leg pain, plus
+ Does not fulfill criteria for categories 1, 2a through 2d, or 3 through 6
+ AROM s limited in at least 1 direction with turn-on/turn-off pain in end range
8. Postural syndrome «Local LBP only when staying in the same position for some time
+Normal and pain-free AROM
»No provocation of symptoms during or after end-range testing
« Longer duration of static test in at least 1 direction provokes pain

Table continues on page A2.
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APPENDIX A

Diagnostic Categories Criteria
9. Myofascial pain « LBP with or without leg pain, plus
+ Does not fulfill criteria for categories 1, 2a through 2d, or 3 through 8
+ Reproduction/worsening of patient's presenting pain on muscle palpation
+ May be used in combination with categories 1 through 8 or alone
10. Abnormal nerve tension LBP with or without leg pain, plus
+ Does not fulfill criteria for categories 1, 2a through 2d, or 3 through 8
+  Positive anterior test' (minimum of 2 steps of the test provoke patient’s known pain)
«Pain only when tissue is stretched
+ May be used in combination with categories 1 through 8 or alone
11. Abnormal pain syndrome + Minimum 3 of the following:
Widespread pain
LBP on axial compression or simulated rotation
Straight leg raise test improves on distraction
Muscle weakness or sensory loss in nonanatomical distribution
Overreaction on examination
+May be used in combination with categories 1 through 8 or alone

Nonconclusive « Does not fulfill criteria for any category

Abbreviations: AROM, active range of motion; LBP, low back pain; ROM, range of motion.

*The most distal pain recedes toward the low back, or abolition of local LBP.

"One full region is from foot to calf, from calf to thigh, or from thigh to buttock/low back.

“Movement of the pain farther from the midline of the low back toward the periphery or significant worsening of the most peripheral symptoms.

SThigh thrust/P4, Gaenslen test, distraction/separation test, compression test, sacral thrust.

IStep 1: patient sitting—straight leg raise until pain or until extreme position/as far as the patient tolerates. Step 2: add dorsiflexion of foot. Step 3: add flexion
of the head. Minimum of 2 steps must be positive.
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APPENDIX B

LOW BACK PAIN INTENSITY TRAJECTORIES
PREVIOUSLY IDENTIFIED BY LATENT CLASS ANALYSIS

LBP Intensity (0-10)
S

2]
04
0 10 20 30 40 50
Week
— Recovery — Moderate ongoing = Recovery with mild relapse
—— Slow improvement ~ —— Severe ongoing

Abbreviation: LBP, low back pain.
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APPENDIX C

DROPOUT ANALYSES: ACTIVITY LIMITATION AND LOW BACK
PAIN INTENSITY AT 3-MONTH FOLLOW-UP*
Responders (n = 782)t Nonresponders (n = 152)* P Value
Mean + SD age, y 44+12 39+11 <001
Sex (female) 46 (42, 49) 40 (33,48) 20
Physical workload 01
Sitting 24.(21,27) 21(15,28)
Sitting/walking 36(33,40) 25 (18,33)
Light physical work 20 (17, 23) 24.(18,32)
Heavy physical work 19(17,23) 30(23,38)
Sick leave .37
No days off work within previous month 79 (75, 81) 75 (67,82)
Educational level 06
No qualification 8(6,10) 15(10,22)
Vocational training 26(23,29) 29(22,37)
Higher education for <3y 16 (14,19) 14(9,21)
Higher education for 3-4 y 35(32,39) 29(22,37)
Higher education for >4 y 15(13,18) 13(8,19)
Duration of pain 03
0-2 wk 63 (59, 66) 62 (54,70)
2-4 wk 14(12,17) 1(717)
13 mo 11(9,14) 7(4,12)
>3 mo 12 (10, 15) 20(14,27)
Previous LBP episodes 10
0 episodes 16 (13,18) 20 (14,27)
1-3 episodes 36(33,40) 28(21, 36)
>3 episodes 43 (44, 52) 52 (44, 61)
LBP in the last year 24
<30d 75(72,78) 71(62,78)
>30d 25(22,28) 29(22,38)
LBP intensity (NPRS, 0-10)} 7(3-9) 7(39) 48
Leg pain intensity (NPRS, 0-10) 2(0-7) 2(0-7) 19
Recovery expectations® 02
0 (no chance) to 10 (high chance) 9 (4-10) 9(2-10)
Depressive symptoms? 02
MDI, sum score (maximum, 47) 6 (1-18) 8(1-22)
FABQ physical activity subscale sum score? 13(5-20) 13(6-21) 10
FABQ work subscale sum score$ 11(3-25) 15(3-28) <01
STarT Back Tool 24
Low risk 55 (52, 59) 47 (39, 56)
Medium risk 37(34,41) 44.(35,52)
High risk 8(6,10) 9(515)
Activity limitation 88
RMDQ proportional score (0-100) 57 (17-83) 52 (17-83)
Table continues on page A5.
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Responders (n = 782)t Nonresponders (n = 152)¢ P Value

Self-perceived general health’ 19
EQ-5D VAS (0-100) 70 (35-90) 70 (31-90)

Abbreviations: EQ-5D, EuroQol-5 Dimensions; FABQ, Fear-Avoidance Beliefs Questionnaire; LBP, low back pain; MDI, Major Depression Inventory; NPRS,
numeric pain-rating scale; RMDQ, Roland-Morris Disability Questionnaire; VAS, visual analog scale.
*Values are proportion (95% confidence interval) unless otherwise indicated.
'Responded to at least 1 outcome measure (activity limitation, low back pain intensity) at 3-month follow-up.
‘Responded to neither of the 2 outcome measures (activity limitation, low back pain intensity) at 3-month_follow-up.
$Values are median (10th-90th percentile).

DROPOUT ANALYSES: PATIENTS ALLOCATED TO AN LBP TRAJECTORY
COMPARED WITH PATIENTS NOT ALLOCATED TO AN LBP TRAJECTORY*

Patients With LBP Trajectory (n=724)  Patients Without LBP Trajectory (n = 210) P Value
Mean + SD age, y 43+11 44+13 b4
Sex (female) 45 (41, 48) 45(39,52) 90
Physical workload 46
Sitting 23(20,27) 24(19,31)
Sitting/walking 36(32,39) 30(24,37)
Light physical work 20 (17,23) 22(17,28)
Heavy physical work 21(18,24) 24.(18, 31)
Sick leave 62
No days off work within previous month 78 (75, 81) 77 (70, 82)
Educational level 41
No qualification 9(711) 8(5,13)
Vocational training 26 (23,29) 27 (21,34)
Higher education for <3y 16 (13,18) 16 (12, 22)
Higher education for 3-4 y 36(32,39) 30 (24, 36)
Higher education for >4 y 14(12,17) 19(14,25)
Duration of pain 75
0-2 wk 63 (59, 66) 61 (55, 69)
2-4 wk 14 (11, 16) 13(9,18)
1-3mo 1(913) 10 (6, 14)
>3 mo 13(10,15) 16(11,21)
Previous LBP episodes .39
0 episodes 17 (15, 20) 14(9,19)
13 episodes 35(32,39) 35 (28, 41)
>3 episodes 48 (44, 52) 52 (45,59)
LBP in the last year 94
<30d 74.(71,78) 74.(68, 80)
>30d 26(23,29) 26 (20,32)
LBP intensity (NPRS, 0-10)t 7(4-9) 7(39) 61
Leg pain intensity (NPRS, 0-10)f 2(0-7) 1(07) 76
Recovery expectations’ 28
0 (no chance) to 10 (high chance) 9 (4-10) 9(3-10)
Depressive symptomst 16
MDI, sum score (maximum, 47) 6 (1-18) 7(1-19)
FABQ physical activity subscale sum scoref 13 (6-20) 13(6-20) 99

Table continues on page A6.
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Patients With LBP Trajectory (n=724)  Patients Without LBP Trajectory (n = 210) P Value
FABQ work subscale sum scoret 11(3-26) 12(3-27) 87
STarT Back Tool 138
Low risk 55 (51, 59) 49 (42, 56)
Medium risk 37(33,41) 42 (35,50)
High risk 8(6,10) 9(514)
Activity limitationt 50
RMDQ proportional score (0-100) 53 (17-83) 52 (13-83)
Self-perceived general healtht 76
EQ-5D VAS (0-100) 70 (35-90) 70 (32-90)
Abbreviations: EQ-5D, EuroQol-5 Dimensions; FABQ, Fear-Avoidance Beliefs Questionnaire; LBP, low back pain; MDI, Major Depression Inventory; NPRS,
numeric pain-rating scale; RMDQ, Roland-Morris Disability Questionnaire; VAS, visual analog scale.
*Values are proportion (95% confidence interval) unless otherwise indicated.
Walues are median (10th-90th percentile).
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APPENDIX D

TREATMENT IN THE 9 CATEGORIES*
Partly
Reducible Reducible Nonreducible  Nerve Root Sacroiliac Facet Joint Myofascial
All Patients Disc Disc Disc Involvement ~ JointPain  Dysfunction Pain Pain Nonconclusive
Manipulation 94.(92, 95) 93(89,96)  95(92,97) 98(88,100) 71(43,838)  93(85,97) 96(83,99)  98(95,99)  90(72,97) 88(77,94)
Mobilization 13(11,15) 10 (6,14) 12(8,17) 16 (8, 28) 47 (24,72) 14(8,24) 9(3,22) 11(717) 10(3,28) 18 (10, 31)
STT 69 (66, 72) 63 (57,70) 65(59,71)  66(52,77) 47 (24,72) 77 (67,85) 84 (70,93) 76 (69, 82) 93(75,98) 68 (55, 79)
LUS 1(1,2) 3(L,6) 0,3 2(0,12) 0 1(0,1) 0 1(0,5) 0 0
Postural advice 9 (8, 11) 10 (7,15) 6 (4, 10) 16 (8, 28) 12(3,41) 12(6,21) 13(6,27) 8(5,14) 3(0,22) 12 (6, 23)
Advice about 84 (81, 86) 86(8,90) 90(8593) 91(80,96) 100 87 (78, 93) 82 (68, 91) 80 (73, 85) 77 (57, 89) 65 (52, 76)
CPMLA
Information 72 (69, 75) 75 (69, 81) 75(69,80) 76(63, 85) 100 70 (59,79) 80 (65, 90) 67 (60, 74) 73 (54, 87) 52 (39, 64)
about the
condition
Centralizing 43 (44, 51) 83(76,88)  84(78,88) 47(34,60)  76(48,92) 6(2,14) 4(1,17) 4(2,8) 3(0,22) 20(12,32)
exercises
Strength 14(12,16) 17 (12, 22) 14(10,19) 12(6,24) 6(1,37) 17 (10, 26) 9(3,22) 12 (8,18) 10(3,28) 8(3,19)
exercises
Stabilization 35(32,38)  40(33,46)  42(35,48) 45(32,58) 41(19,67) 31(22,42) 36 (23,51) 31(25,39) 23(11,43) 8(3,19)
exercises
Stretching 19(17,22) 16(12,22) 16@12,21) 21(12,33) 6(1,37) 26 (18,37) 24.(14, 40) 20 (15, 27) 47 (29, 65) 8(3,19)
exercises
Other 1(1,2) 2(L,5) 0(0,3) 0 0 1(0,8) 0 2(L5) 13(5,32) 0
Referred to 1(1,3) 1(0,4) 0(0,3) 3(L,13) 6(1,37) 2(L9) 2(0,15) 1(0,5) 3(0,22) 2(0,11)
OHCP
No treatments 1(0,1) 0 0(0,3) 0 0 1(0,8) 0 1(0,4) 0 3(1,13)
Abbreviations: CPMLA, cryotherapy, pain medication, level of activity; LUS, laser, ultrasound, shockwave; OHCP, other health care provider; STT, soft tissue
treatment.
*Values are proportion (95% confidence interval).
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Additive Effect of Therapeutic Ultrasound

in the Treatment of Plantar Fasciitis:
A Randomized Controlled Trial

he plantar fascia is a thick, nonelastic, multilayered

connective tissue crossing the plantar part of the

foot.?* Plantar fasciitis is the main cause of pain in
the plantar surface of the heel. It has been estimated
that this problem is involved in approximately 11% to 15%

of all foot pain complaints requiring
medical attention.?” Other names for
this condition include painful heel syn-
drome, heel spur, runner’s heel, subcal-
caneal pain, calcaneodynia, and calcaneal
periostitis.?

In the United States, more than 2 mil-
lion people are treated for plantar fasciitis
every year. It is estimated that approxi-
mately 10% of the US population will
experience plantar fasciitis, regardless
of sex, age, ethnicity, or level of activity.

© BACKGROUND: Plantar fasciitis is the chief
cause of pain in the plantar surface of the heel.
Therapeutic ultrasound is one of the most com-
mon conservative treatment modalities used by
physical therapists worldwide, despite scarce
evidence of its efficacy in treating plantar fasciitis.

© OBJECTIVE: To evaluate the additive effect of
therapeutic ultrasound in the treatment of plantar
fasciitis in terms of pain, function, and quality of life.

©METHODS: In this prospective, randomized,
double-blind, placebo-controlled clinical trial, 54
patients with plantar fasciitis, aged 24 to 80 years,
who met the inclusion criteria were randomized
into an active intervention and a control group.
Individuals in the active intervention group were
treated with self-performed stretching of the plan-
tar fascia and calf muscles and with therapeutic
ultrasound. Individuals in the control group were
treated with the same stretching exercises and
sham ultrasound. Both groups received 8 treat-
ments, twice weekly. Outcome measures included

a numeric pain-rating scale, the computerized
adaptive test for the foot and ankle, and an
algometric test.

© RESULTS: Both groups showed statistically
significant improvement in all outcome measures
(P<.001, both groups). At the completion of the
study, no statistically significant differences were
found between the groups in any of the outcomes.

© CONCLUSION: The addition of therapeutic ultra-
sound did not improve the efficacy of conservative
treatment for plantar fasciitis. Therefore, the authors
recommend excluding therapeutic ultrasound from
the treatment of plantar fasciitis and agree with
results of previous studies that stretching may be an
effective treatment for healing plantar fasciitis.

@©LEVEL OF EVIDENCE: Therapy, level 1b.
J Orthop Sports Phys Ther 2018;48(11):847-855.
Epub 11 Jul 2018. doi:10.251%jospt.2018.8110

@KEY WORDS: heel pain, physical therapy,
therapeutic ultrasound, treatment

This phenomenon is seen in active
people, such as runners and military
personnel; however, it also appears
in the general population, especially
in women aged 40 to 60 years.5%7

Plantar fasciitis can be a painful and
exhausting condition, frustrating for both
the patient and the physical therapist.
The most common signs for identifying
plantar fasciitis are pain and tenderness
in the medial tubercle of the heel bone,
as well as an increase in pain when tak-
ing first steps in the morning and pain in
prolonged weight bearing.>°

Conservative treatment options for
plantar fasciitis include joint and soft tis-
sue manipulations, transcutaneous elec-
trical nerve stimulation, patient training,
taping, night splints, stretching, ice, heat,
muscle strengthening, and insoles. In addi-
tion, shockwave therapy, injections, medi-
cations, and even surgical interventions
are used in the event that conservative
treatments prove ineffective. At present,
researchers have not determined the most
effective combination of treatments for
plantar fasciitis due to the dearth of high-
quality research in this area."”

In 2003, a systematic review' of 19
randomized clinical trials (RCTs) evalu-
ated the effectiveness of treatments for
plantar heel pain, of which 7 compared
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active treatment with placebo or no treat-
ment at all. Treatments included insoles,
heel pads, corticosteroid injections, night
pads, and shockwaves. The authors™
found limited evidence of effectiveness
using the reviewed interventions. Treat-
ments used to reduce heel pain seemed
to produce only marginal gains over no
treatment and control therapies such as
stretching. All RCTs included in the re-
view had methodological problems with
the study design or small sample sizes."

In 2014, a systematic review'? that in-
cluded 26 trials (23 of them controlled
clinical trials) assessed subjects who es-
pecially experienced pain in the morn-
ing with a visual analog scale or numeric
scales (used as the main outcome mea-
sure). Interventions included shockwave
therapy, stretching and manual treat-
ments, therapeutic ultrasound, laser,
taping, acupuncture, electrical stimula-
tions, insoles, magnetotherapy, and elas-
tic taping. Of the 23 controlled clinical
trials, 14 compared the active treatments
(monotherapy or combination of several
treatment techniques) to a single treat-
ment or placebo. The authors™ concluded
that a combination of several treatment
techniques appeared to be more effective
than monotherapy. However, due to the
heterogeneity of techniques, the differ-
ent number of sessions, and the diverse
duration of treatments, it was impos-
sible to perform a quantitative statistical
analysis.!

One of the most widely used electri-
cal devices among physical therapists in
Israel and worldwide is therapeutic ultra-
sound.?6:364424+ Therapeutic ultrasound
raises tissue temperature and metabo-
lism, softens the tissues, increases blood
circulation, increases the chemical activ-
ity of the tissues, increases the permeabil-
ity of the cell membranes, and modulates
the molecular structures and the rate of
pulsation and protein production—all
potentially affecting the speed of tissue
recovery.” Yet there is insufficient high-
quality scientific evidence to support the
clinical use of therapeutic ultrasound in
treating musculoskeletal problems.*?

| RESEARCH REPORT ]

Only 2 studies have examined the ef-
ficacy of ultrasound in the treatment of
plantar fasciitis. One compared active
therapeutic ultrasound with sham ultra-
sound treatment,”® and the second sup-
plemented calf muscle stretching in both
groups.*® Both studies found that the ad-
dition of active therapeutic ultrasound
therapy had no advantage over sham
treatment in cases of plantar fasciitis.
However, the methodology in both stud-
ies was problematic. In the first study,
researchers used ultrasound parameters
of 0.5 W/cm?, 3 MHz, and a pulse ratio
of 1:4 for 8 minutes.”” These parameters
may not have allowed the ultrasound
waves to deliver energy to the target tis-
sues. The plantar fascia, according to the
authors’ examination, lies at a depth of
greater than 2 cm; therefore, the frequen-
cy and intensity of the ultrasound should
be much higher.** In addition, pulsed
ultrasound, used especially on chroni-
cally ill patients, may also be unsuitable
because it prevents the raising of tissue
temperature, thus reducing the thermal
effect of treatment.”

In the second study, the research-
ers employed parameters of 2 W/em?, 1
MHz, and a continuous wave*®; however,
the technique for placing the ultrasound
transducer was static, which is not a com-
monly used technique and may increase
the chances of producing pain and caus-
ing a detrimental effect in nearby tissues.
The ultrasound was applied for 3 minutes
at each painful point, which may be insuf-
ficient. Further, the number of subjects in
both studies was low, making their sta-
tistical power questionable. In addition,
both studies included each foot separately
in the randomization of patients with bi-
lateral plantar fasciitis, which could have
interfered with the blinding in cases where
each foot received different treatments.

In conclusion, high-quality RCTs are
needed to assess the efficacy of the addi-
tive effect of therapeutic ultrasound in
the treatment of plantar fasciitis. The aim
of the present study was to evaluate the
additive effect of therapeutic ultrasound
in treating plantar fasciitis in terms of

pain, function, and quality of life. The
authors hypothesized that therapeutic
ultrasound, employing parameters that
increase heat in the target tissue (contin-
uous wave, 1.8 W/ecm?, and a frequency of
1 MHz), and stretching exercises would
significantly improve pain, function, and
quality of life in patients with plantar
fasciitis, more than stretching and sham
therapeutic ultrasound.

METHODS

Design and Setting
HIS STUDY, AN INTERVENTIONAL,
prospective, double-blind random-
ized controlled trial, was performed
at the Maccabi Healthcare Services phys-
ical therapy clinics in Rehovot, Ashdod,
and Ashkelon, Israel.

Sample

Recruitment took place from June 2015
through May 2017. The study included
patients who were registered at the Mac-
cabi Healthcare Services; were diagnosed
with plantar fasciitis, plantar heel pain,
calcaneal spur, foot pain, or heel pain
syndrome; and were referred for physi-
cal therapy by an orthopaedist or general
practitioner.

Inclusion criteria were being 18 years
of age or older and reporting a primary
complaint of pain at the bottom of the
heel, with the following clinical fea-
tures>®?%: (1) a gradual development
of pain (with no trauma), (2) pain gen-
erated by carrying weight or by local
pressure, (3) an increase in pain in the
morning upon taking a few steps or after
prolonged non-weight bearing, and (4)
symptoms decreasing with slight levels
of activity, such as walking. Additional
criteria were a numeric pain-rating scale
(NPRS) score for morning pain of great-
er than 3 (to prevent the floor effect),
sensitivity or swelling in the proximal
planetary region of the fascia, or medial
plantar tuberosity of the calcaneal bone.

Exclusion criteria included peripheral
neuropathy, calcaneal cysts or tumors,
calcaneal fractures or stress fractures,
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use of steroids during the past 6 months,
foot surgery performed the year prior,
infection or diabetic foot, tarsal tun-
nel syndrome (TTS), fat-pad syndrome,
pregnancy, and unavailability in the com-
ing month.

The study was approved by the Hel-
sinki Ethical Committee of Maccabi
Healthcare Services, Bait Balev Nurs-
ing Home, Bat Yam, Israel. All patients
signed an informed-consent form prior to
participation, and the rights of the par-
ticipants were protected. The study was
registered at ClinicalTrials.gov (registra-
tion number NCT02679326).

Sample-Size Estimation

Because 2 previous studies were under-
powered,'*#6 the researchers decided to
commence recruitment with 60 subjects
(30 in each group), and possibly refine
sample-size calculations after mid-term
data analysis. Using PS: Power and Sam-
ple Size Calculation Version 3.0 (William
D. Dupont and Walton D. Plummer, Jr.),
the authors performed sample-size cal-
culations based on the following param-
eters: a 2-sided test, power of 0.8, and a =
.05. The main outcome measure was the
NPRS for morning pain. The research-
ers chose to apply the mean difference of
2 (representing the clinically important
difference on the NPRS)."* In mid-term
statistics, the standard deviation of the
NPRS was 2.48, thus establishing the
need for 25 subjects in each group. Due
to the possibility of dropouts, 54 partici-
pants were recruited. Trial registration at
ClinicalTrials.gov was prematurely closed
with 51 participants having completed
the study, not accounting for the final 3
participants, for whom data collection
was not yet completed.

Allocation

The allocation of patients to the ac-
tive intervention and control groups
was performed using a 10-patient block
randomization software program (mah-
moodsaghaei.tripod.com/Softwares/
randalloc.html). The results of the ran-
domization were recorded, placed in

sealed envelopes, and kept in the office of
the director of the physical therapy clin-
ics. After signing an informed-consent
form and meeting the inclusion criteria,
patients were assigned to a specific group
by the head of the physical therapy insti-
tutions in Rehovot, Ashdod, or Ashkelon.

Outcome Measures

Baseline evaluation included demograph-
ic data collection, medical history, and a
physical examination. Demographic data
included age, sex, weight, height, and
body mass index (weight in kilograms
divided by height in meters squared), the
affected side (the more symptomatic side
when the condition was bilateral), dura-
tion of the condition, and physical activ-
ity (participating or not, and how many
hours each week) (TABLE 1).

Physical examination included palpa-
tion performed for local heat or swelling
and for local pain at the medial calca-
neal tuberosity. Participants with clinical
symptoms of pain in the middle of the
heel, aggravated when walking on hard
surfaces or with a history of heel blow,
were excluded for suspicion of fat-pad
syndrome.*’ In the differential diagnosis
of TTS, 3 signs were used to exclude the
pathology: the presence of numbness or
burning pain, a positive Tinel sign, and
a positive neurodynamic test. The Ti-
nel sign was found to be positive in TTS
and medial plantar nerve entrapment by
Schon and Baxter in 1990.?° The modified
straight leg raise test with dorsiflexion/
eversion was found to be a valuable tool
to differentiate plantar heel pain of neu-
ral origin from plantar fasciitis. As none

DEMOGRAPHIC AND BASELINE
TABLE 1
CHARACTERISTICS OF THE GROUPS*

Variable Active Ultrasound (n = 28) Sham Ultrasound (n = 26)
Age,y 5093 +£12.87 52.58 +12.36
BMI, kg/m? 2895+4.10 29.81+4.42
NPRS (0-10) in the morning 6.57 £2.04 704 +£2.01
NPRS (0-10) during the day 563+2.39 546+221
Foot and ankle CAT (initial, 0-100) 5179+10.30 43.81+10.00
Algometry, kg 497 +167 525+167
Weekly sports activities, h 329+2.08 3.85+2.26
Duration of symptoms, %

<3mo 250 269

>3 mo 750 731
Side of pain, %

Right 322 231

Left 46.4 577

Both 214 192
Sex, %

Female 786 53.8

Male 214 46.2
Daily activity/Awork level, %

1 143 192

2 429 46.2

3 357 192

4 71 154
Abbreviations: BMI, body mass index; CAT, computerized adaptive test; NPRS, numeric pain-rating
i%;ues are mean + SD unless otherwise indicated.
"Levels: 1, predominantly sitting; 2, sitting and walking short distances; 3, quite active: walking long
distances and prolonged standing; 4, predominantly walking and standing.
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of these tests can provide an accurate an-
swer, participants with at least 1 positive
test for TTS were excluded.

Outcome measures were the levels
of pain during the first few steps in the
morning and during the day (rated by
the NPRS), pressure pain threshold, and
perceived functional level (foot and ankle
computerized adaptive test [CAT]). The
main outcome was morning pain rated by
the NPRS. Patients were asked to assess
the intensity of pain when taking their
first steps in the morning on a scale from 0
to 10, with O as no pain and 10 as unbear-
able pain. The NPRS is not age dependent,
contains a low risk for error, a high face
validity, and high convergent and criterion
validity compared to other pain scales.’6:*
The NPRS is considered a gold standard
for self-assessment of pain and is a reliable
and accurate tool.” A 2-point decrease or
a 30% reduction in NPRS score repre-
sents a significant clinical change.>™*

The second outcome measure was the
average pain felt during the day as mea-
sured by the NPRS. The third outcome
measure was the foot and ankle CAT,
which assessed the perceived functional
level of the patient. This test was incor-
porated into the report because, in many
studies, the state of overall functioning
and health-related quality of life is con-
sidered the gold standard of treatment
outcomes.™

The foot and ankle CAT consists of
a computerized adaptive questionnaire
that collects patient results using a com-
puter to adjust questions to the patient by
matching the difficulty of each question
to the patient’s ability. The participant
stops answering the questions when he or
she has answered 3 consecutive questions
corresponding to a certain functional
level. Hart et al*® observed that after an
average of 6.6 questions, the questions
ceased. The advantage of the adjusted
questionnaire is the fewer number of
questions asked and the reduced time
needed to complete the questionnaire.

The foot and ankle CAT is derived from
the Lower Extremity Functional Scale
questionnaire,®® consisting of 18 ques-

| RESEARCH REPORT ]

tions that represent functional activities
such as “walking between rooms.” The
patient is asked to rate his or her ability
to perform each activity on a 5-point scale
ranging from 0 (“very difficult or unable
to perform the action”) to 5 (“no difficul-
ty”). The total score of the questionnaire
ranges from O to 100, with a higher score
indicating better function. The CAT has
shown good construct validity*° and iden-
tification validity.” An average change of
8 points or greater in functional status is
viewed as a significant clinical change.*’

To assess pressure pain threshold, al-
gometry was used to measure the mini-
mum pressure required to produce pain.
A disc was placed vertically on a pressure
pain point. The examiner then increased
the intensity of the pressure until initial
pain occurred (when the feeling of stress
became painful). The score was calculat-
ed as the average score of 3 continuous
measurements. The algometer enables an
objective assessment of pain and comple-
ments the NPRS, which is a subjective
tool. The algometry test was found to be
valid and reliable when measurements
were repeated (interrater, intrarater)
on healthy people.” High reliability was
found for algometer testing in an average
calculation between 3 repeated measures
(intraclass correlation coefficient = 0.91;
95% confidence interval: 0.82, 0.97).*
The algometer measurement was per-
formed twice during the study, first dur-
ing the initial evaluation and then at the
final evaluation.

Intervention

Stretching Many studies have suggested
that stretching the triceps surae muscles
is an essential part of plantar fasciitis
treatment.?"*? The purpose of stretching
is to release the tension created in the
plantar fascia or stiffness of the Achilles
tendon, both of which connect to the cal-
caneus bone.** Both groups in the present
study received a verbal explanation and
printed pages with images and instruc-
tions on how to perform stretching of the
plantar fascia and triceps surae. Stretch-
ing exercises used in this study were

based on previous studies?? that found
those exercises effective for pain reduc-
tion and functional improvement.

The authors chose a regimen of twice

daily (once before walking in the morn-
ing and once during the day, after sitting
for along period or at the end of the day),
5 repetitions of 20 seconds each. Subjects
executed these exercises during their first
treatment session, supervised by a physi-
cal therapist. The plantar fascia stretch
was performed with the patient seated.
Two stretching exercises of the triceps su-
rae were conducted against a wall (once
with a straight knee and once with a bent
knee) twice a day, 5 sets of 20 seconds
static at a time.
Therapeutic Ultrasound Because the re-
searchers found no publications on depth
of the plantar fascia, they assessed the
depth of the plantar fascia connection to
the medial calcaneal tuberosity prior to
the current study by examining 10 com-
puted tomography (CT) scans of normal
feet (5 of males and 5 of females), and
found that the average depth of the plan-
tar fascia was 2.1 + 0.2 cm (range, 1.80-
2.40 cm; mean standard error, 0.06). The
test was performed at the Barzilai Hos-
pital by a researcher experienced in CT
evaluation (L.K.), together with a board-
certified radiologist, using anonymized
CT scans from the archive.

In addition to stretching, participants
in the study group were treated with 8
minutes of therapeutic ultrasound at
a frequency of 1 MHz and continuous
current at a pulse intensity of 1.8 W/cm?
(when the sensitivity level was too high
and the procedure hurt the patient, the
therapist reduced the intensity). The
selection of the parameters was based
on previous studies’®*s and on the rec-
ommendations of the ultrasound dose
calculations website (http://www.electro-
therapy.org/modality/ultrasound-dose-
calculation). The authors also used an
online calculator for ultrasound dosage
(http://www.sonodose.dk/SONODOSE-
lite/SONODOSE-lite.htm).

Because previous studies®*® have
showed no effect of ultrasound, the
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researchers intended to maximize
therapeutic effects (both thermic and
nonthermic) in the target tissue. To maxi-
mize the thermic effect, the authors chose
the continuous mode, which is also in ac-
cord with the common recommendation
for chronic conditions. According to the
recommendations of both sites, in lesions
deeper than 2 cm, use of 1-MHz frequen-
cy is recommended. When the targeted
tissue is at an average depth of 2.1 cm
in mixed tissues (eg, skin, fat pad) and
taking into account the thickness of the
plantar fascia,' 1.8 W/cm? was the optimal
power to reach the therapeutic intensity
(in the site of the lesion) of 1 W/cm?2. The
treatment time of 8 minutes is slightly
longer than recommended by the online
calculator, and by the researchers’ clinical
practice (5 minutes), but was chosen be-
cause of its use in a previous study’ and
because the authors wanted to use the
highest possible parameters.

In addition to stretching, the control
group was treated with 8 minutes of
negligible-intensity ultrasound. Param-
eters were a frequency of 3 MHz, pulse
intensity of 0.1 W/em?, and a duty cycle
of 1:4 (pulsed). With these parameters,
the ultrasound energy did not penetrate
beyond a few millimeters and did not
reach the target tissue. Both groups re-
ceived 8 treatments, twice a week for 4
weeks. During the study period, the ther-
apists recorded all occurrences of adverse
events reported by the patients.

Throughout the study, the examiner
was blinded to patient allocation and the
patient to the treatment group to which
he or she belonged (double blinded).
After a physical therapist examined the
patient, different physical therapists at
the institute treated the patient. At the
beginning of the study, all physical thera-
pists were instructed on how to perform
the ultrasound treatment and the stretch-
ing techniques. Patients were treated by
different physical therapists to avoid
overloading the institute’s schedule. The
therapist was not blinded to the type of
treatment provided to the patient. Physi-
cal therapists were instructed to register

every adverse event and to immediately
report it to the research coordinator. At
the end of the study, no adverse events
were reported.

Statistical Analysis

Statistical analysis was performed us-
ing SPSS Version 21 for Windows (IBM
Corporation, Armonk, NY). The demo-
graphic and baseline characteristics
between groups were compared by the
1-way analysis of variance (ANOVA) for
parametric variables and the chi-square
test for nonparametric variables. The
outcome measures were compared using
the mixed ANOVA to identify the main
effect of time and the group-by-time in-
teraction. All statistics were conducted
using per-protocol and intention-to-
treat analyses. The threshold for statis-
tical significance for all tests (2-sided
analyses) was P<.05. As no difference
was found in any outcome measures,
intention-to-treat analysis was not per-
formed. The effect size was calculated
using Cohen’s d.7

RESULTS

F 145 PATIENTS WITH PLANTAR FAS-

ciitis who were interviewed by

telephone, 84 did not meet the in-
clusion criteria due to language difficul-
ties or refusal to participate in the study.
The remaining 61 who met the inclusion
criteria were invited to the clinic. Of
these, 7 refused to participate in the study
or were found unsuitable, leaving 54 pa-
tients (18 men, 36 women; agerange, 24-
80 years; mean * SD age, 51.72 £ 12.53
years) who met the inclusion criteria and
were enrolled.

Fifty patients completed the study, af-
ter 3 dropped out from the active inter-
vention group (1 unavailable, 2 unwilling
to continue) and 1 from the control group
(dissatisfied) (FIGURE). No differences in
baseline characteristics were found be-
tween those who dropped out and those
who completed the study, except that the
dropouts were younger (39.75 + 13.53
versus 52.68 + 12.09 years), scored high-
er on the functional foot and ankle CAT

eligibility, n = 145

Patients with plantar fasciitis screened for

Patients excluded, n = 84
« Failure to meet inclusion

criteria

A 4

Language difficulties

Patients who met the inclusion criteria, n = 61

Reluctance to participate
in the study

v

Health condition
Absence of pain

informed consent, n = 54

Patients who agreed to participate and signed

!

| Randomization

|

Sham ultrasound
group, n = 26

Dropped out,n=1
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n=1
h 4
End-of-treatment
evaluation, n =25

|
FIGURE. Flow diagram of subject recruitment and retention.
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(62.50 + 3.87 versus 49.38 + 9.90), and
completed more hours of sports activity
during the week (8.00 * 0.01 versus 3.15
* 1.77). Most patients (n = 40) had plan-
tar fasciitis for greater than 3 months, 13
had this condition between 3 weeks and 3
months, and 1 for less than 3 weeks.

Twenty-two patients attended all 8
sessions (14: from the active ultrasound
group and 8 from the sham ultrasound
group), 14 patients attended 7 sessions (4
from the active ultrasound group and 10
from the sham ultrasound group), 9 other
patients attended 6 sessions (3 from the
active ultrasound group and 6 from the
sham ultrasound group), and 5 attended
fewer than 5 sessions (4 from the active
ultrasound group and 1 from the sham
ultrasound group). The main reason
for not attending was unavailability. No
statistically significant differences were
found between the groups in the number
of attended treatments (F, = 0.6, P = .81,
active ultrasound group mean + SD, 7.04
* 1.34; sham ultrasound group mean +
SD, 6.96 + 0.98).

When comparing the baseline char-
acteristics between groups (TABLE 1), the
mean NPRS score during the first steps
in the morning was high in both groups
(mean * SD, 6.57 £ 2.04 in the active ul-
trasound group and 7.04 £ 2.01 in the

| RESEARCH REPORT ]

sham ultrasound group). Body mass in-
dex of both groups showed that the ma-
jority of participants were overweight
(28.95 * 4.10 kg/m? in the active ultra-
sound group and 29.81 + 4.42 kg/m? in
the sham ultrasound group). No differ-
ences were found between the groups in
any baseline characteristics.

In the mixed ANOVA (per-protocol
analysis) (TABLE 2), no significant differ-
ence was found in the group-by-time
interaction for all 4 outcome measures.
But the effect of time was significant
(P<.001 in each outcome measure), in-
dicating that both groups significantly
improved during the study. For example,
in the NPRS score for morning pain, 17
participants in the active ultrasound
group and 19 participants in the sham
ultrasound group improved more than
the minimal detectable clinical differ-
ence; in the foot and ankle CAT, 15 par-
ticipants in the active ultrasound group
and 19 participants in the sham ultra-
sound group improved more than the
minimal detectable clinical difference.
However, no difference in improvement
was seen between the active versus the
sham ultrasound groups. When com-
paring the need for further treatment
between the 2 groups, 10 of 25 (40%)
in the active ultrasound group, versus

12 of 25 (48%) in the sham ultrasound
group, had to continue treatment, with
no statistically significant difference
between groups (x?, = 0.33, P = .57).
Because intention-to-treat analyses
showed similar results, the authors have
not presented them.

DISCUSSION

HIS PROSPECTIVE, DOUBLE-BLIND
TRCT found that there was no addi-

tive effect of therapeutic ultrasound
on the treatment of plantar fasciitis in
terms of pain, function, and quality of
life. These findings are in agreement
with previous researchers'**6 who found
that therapeutic ultrasound was inef-
fective in treating this condition. The
advantages of the present study over pre-
vious investigations were (1) the choice
of adequate parameters of therapeutic
ultrasound intervention (the ultrasound
parameters were selected to allow the ul-
trasound waves to deliver enough energy
to the target tissues at a depth of 2.1 +
0.3 cm), (2) adequate statistical power
(50 patients [25 in each group] were
included to provide sufficient statistical
power to reject the null hypothesis), and
(8) study design (the RCT was double
blinded, and only the leg with the more

TABLE 2 SUMMARY OF FINDINGS FOR GROUP-BY-TIME INTERACTION
Variable/Group Baseline 4wk Mean Difference Between Groups* Group-by-Time Interaction Main Effect of Time
NPRS (0-10) in the morning 0.01(-107 1.09) F,=0.47 P =50, Cohend = 0.24 F,=63.63, P<001
Active ultrasound 6.76 £2.03 366+£291
Sham ultrasound 704 £2.05 336260
NPRS (0-10) during the day 058 (-0.42,1.58) F,=181,P =19 Cohend = 0.44 F, =54.60, P<.001
Active ultrasound 571+£2.18 360+2.44
Sham ultrasound 560+214 2.56+1.69
Foot and ankle CAT (0-100) 1.44 (361, 6.49) F,=0.10, P = .75, Cohen d = -0.10 F,=65.49, P<.001
Active ultrasound 50.36 +£992 6292 +£999
Sham ultrasound 48.40+999 62.00+1217
Algometry, kg 0.11(-0.82,1.04) F,=0.52, P = .48, Cohend = 0.20 F,=16.33, P<.001
Active ultrasound 495+163 6.22£2.07
Sham ultrasound 525+170 6.14+2.09
Abbreviations: CAT, computerized adaptive test; NPRS, numeric pain-rating scale.
*Values in parentheses are 95% confidence interval.
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severe symptoms was included in the
randomization in patients who experi-
enced pain in both heels). Considering
these results, with the reinforcement
of the previous studies,'**¢ the authors
conclude that therapeutic ultrasound
should be excluded from the complex
treatment of plantar fasciitis.

On the other hand, when comparing
the beginning and the end of the study,
statistically significant improvement in
all outcome measures was found (TABLE
2). This improvement can be attributed
to the spontaneous change over time
or, more likely, to the execution of the
stretches, which is consistent with the
results of studies that examined the ef-
fectiveness of stretching in patients with
plantar fasciitis.!®21:2227-293235  Results
similar to these, in terms of pain im-
provement over time, can be found in a
study that examined the effectiveness of
stretching in one of its groups, with the
other groups using 1 of 4 different shoe in-
serts.’! Another study examined stretch-
ing as one of its therapeutic techniques¢;
however, because many therapeutic tech-
niques were simultaneously employed, it
is not possible to know which technique
helped improve the symptoms.

The results of the present study are also
similar to those of Saban et al,*® who found
improvement in their 2 groups (stretch-
ing and therapeutic ultrasound versus
stretching, deep massage, and nervous
system movement) on the outcomes of
pain felt with the first steps in the morn-
ing and the foot and ankle CAT between
the beginning and the end of the study.
The results of the current study are also
consistent with Shashua et al’s study,** in
which the control group received stretch-
ing together with ultrasound therapy (at
1.5 W/em?, 1 MHz, and 50% pulsed for 5
minutes). These researchers found a sta-
tistically significant improvement after 8
treatments and continued improvement
at a 6-week follow-up.*°

A secondary outcome measure in
the present study was the pressure pain
threshold. The results showed a statis-
tically significant improvement in both

groups between the beginning and the
end of the study, but no difference be-
tween the 2 groups. It is important to
note that the patients who enrolled in
the study were in different stages of the
disease (from several weeks to several
months in duration), and some had more
diffuse pain. As a result, in this study, the
authors focused on the medial calcaneal
tuberosity area.’

The results of the algometric test
were inconsistent with an algometric
test performed in Shashua et al’s study*°
that showed no difference in the algom-
etric outcome at the beginning and end
of the study in both groups.*° This differ-
ence may be explained by the fact that in
the study by Shashua et al,** the location
of the pressure point varied between pa-
tients and perhaps between tests of the
same patients. In the study by Shashua
et al,*® the pressure point was chosen
according to the subjective report of
the patient on the location of the most
sensitive area at the time of evaluation.
In the present study, the pressure point
was relatively constant (medial calcaneal
tuberosity).

Limitations

This study did not include a control
group receiving no treatment; therefore,
it cannot be ruled out that the improve-
ment seen in both groups was due to the
natural history of recovery. In addition,
contact between the ultrasound trans-
ducer and treatment area may have an
effect due to local massage, and it is pos-
sible that some of the improvements in
both groups may be attributed to this.
However, taking into consideration that
no evidence exists that massage of the
heel area, especially the very light mas-
sage produced by the ultrasound trans-
ducer, can benefit patients with plantar
fasciitis, this effect seems unlikely.

CONCLUSION

LANTAR FASCIITIS PATHOLOGY IS
painful, persistent, debilitating, and
difficult to treat.?>?* Contrary to this

study’s hypothesis, the addition of active
therapeutic ultrasound therapy does not
improve the efficacy of plantar fasciitis
treatment. The authors therefore recom-
mend excluding active therapeutic ultra-
sound when treating plantar fasciitis. ®

IRKEY POINTS

FINDINGS: The inclusion of active ultra-
sound (1 MHz, 1.8 W/cm?, continu-

ous for 8 minutes) was not superior

to sham ultrasound when added to
stretching exercises in the treatment

of plantar fasciitis. A combination of
stretching exercises and the addition of
active or sham therapeutic ultrasound
was effective in decreasing pain and
improving the function of patients with
plantar fasciitis.

IMPLICATIONS: Inclusion of active ul-
trasound is not recommended in the
standard physical therapy treatment of
plantar fasciitis.

CAUTION: It is possible that a “massage”
performed by an ultrasound transducer
as the sham treatment had some thera-
peutic effect. Also, the placebo effect of
ultrasound can be an integral part of the
therapeutic effect.
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A Time to Reflect on Motor
Control in Musculoskeletal
Physical Therapy

J Orthop Sports Phys Ther 2018;48(11):833-836. doi:10.251%/jospt.2018.0614

otor control is a popular concept within physical therapy hasbeen broadly described as “an area of
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practice and has received a significant amount of
attention over the last 25 years. It has been implicitly
conceived and understood by clinicians and researchers
throughout this time, yet appears to differ considerably with
respect to its definition and translation into clinical practice.

The field of motor control research en-
compasses a number of areas, including
physics, engineering, statistics, and be-
havioral and cognitive science, as well as
physiology, neuroscience, and medicine.*
Within these fields, the concept of mo-
tor control appears to be explicitly well
understood, but contextually only makes
sense from each individual perspective.
Under close examination within mus-
culoskeletal physical therapy practice,
motor control is a complex, broad, and
ambiguous concept. This is likely due to
the contributions of the varied fields that
draw together to help with the manage-
ment of patients with musculoskeletal
conditions. Complex questions, such as
whether pain is a cause or a consequence
of altered adaptive or maladaptive motor
control strategies, still pervade the mus-
culoskeletal literature and influence mo-
tor control treatment approaches.

The purpose of this Viewpoint is
to outline the history of motor control

and its use in musculoskeletal physical
therapy practice and to highlight the
consequences of its interpretation and
variation in its use. Attention is given to
understanding the concept of motor con-
trol and its misrepresentation through
the use of surrogate terms. A number of
comparable definitions are cited in the
literature; however, this ambiguity has
given rise to surrogate terms, such as neu-
romuscular control, neuromotor control,
and core stability, which may cause con-
fusion in clinical practice, education, and
research. How the concept of motor con-
trol may be applied in practice to resolve
ambiguity and recommendations for the
direction of future research are made.

Motor Control in Musculoskeletal Practice
Motor control theories and principles,
including motor learning, have emerged
to promote health, well-being, physical
performance, and development within
musculoskeletal practice. Motor control

science exploring how the nervous sys-
tem interacts with the rest of the body
and the environment in order to produce
purposeful, coordinated movement.”
However, the origins of motor control
exercises in physical therapy low back
pain literature paint a slightly different
picture. The field of clinical biomechan-
ics has dominated the low back pain lit-
erature since the late 1970s, when White
and Panjabi’s®*® work led to a number
of assumptions that still appear to ex-
ist today. During this time, the focus of
understanding low back pain was on the
structural integrity of the spine with re-
spect to its stability and function, using in
vitro models that suggested that the spine
was inherently unstable.?® As a conse-
quence, therapeutic strategies to enhance
the stability of the spine and the ability of
the spine to adapt under physiologic load
emerged as a focus of motor control strat-
egies. These were subsequently applied to
other areas of the body.

Motor Control: A Broad, Complex Concept
From a Biomechanical Frame of Reference
Panjabi’s*® model of spinal stability, the
most cited antecedent model, is based
on the theoretical interactions between

The Royal Bournemouth and Christchurch Hospitals NHS Foundation Trust, Bournemouth, United Kingdom. 20rthopaedic Research Institute, Bournemouth University, Bournemouth,
United Kingdom. The author certifies that he has no affiliations with or financial involvement in any organization or entity with a direct financial interest in the subject matter
or materials discussed in the article. Address correspondence to Matthew Low, The Royal Bournemouth and Christchurch Hospitals NHS Foundation Trust, Castle Lane East,
Bournemouth BH7 7DW UK. E-mail: mattlow128@gmail.com ® Copyright ©2018 Journal of Orthopaedic & Sports Physical Therapy®
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active (muscular) and passive (articu-
lar/ligamentous) stabilizers through a
control (nervous) system to meet the de-
mands of spinal stability, with a distinct
lack of theoretical linking between them.

This spinal-stability model suggests
that causes of symptoms are due to bio-
mechanical instability, tissue damage, or
structural change and are not in keeping
with a contemporary understanding of
musculoskeletal practice that values a
multidimensional perspective.?? Panjabi’s
model* draws from Anders Bergmark’s*
influential biomechanical theory, which
delineated the function of the deep and
superficial muscles of the body as being
distinctively different and potentially rel-
evant in clinical practice. The combina-
tion of models contributed to the rise of
motor control strategies to theoretically
improve painful conditions by isolating
movement strategies to target muscles
that may contribute to instability. These
motor control strategies have been linear-
ly described as the rehabilitation strategy
to retrain the deep stability muscles, with
the vague notion of progressing to larger
and more functional movements. This
may, in fact, be simply a graded exposure

[ VIEWPOINT ]

program with respect to load and move-
ment within safe environments among
a myriad of contextually nonspecific
factors. Such approaches lack the cog-
nitive, behavioral, emotional, lifestyle,
cultural, and contextual understanding
that whole-person approaches to health
care espouse.”? This is despite greater
theoretical and explanatory models su-
perseding the biomechanical stability
model, such as pain adaptation theory,
movement variability,"” and development
of first-person neuroscience in the con-
text of pain.?

Variation of the Clinical Application
of Motor Control in Musculoskeletal
Clinical Practice
Many clinical approaches developed
from different theoretical models, prem-
ises, and measurements have used motor
control treatment strategies for musculo-
skeletal conditions (TABLE). This raises the
following questions:

1. When describing a patient as having
“altered” or “poor” motor control, what
does that mean and in what context?

2. When therapists describe motor con-
trol exercises, what does that mean

and when does a movement exercise
become a motor control exercise?

3. If motor control exercises constrain
aspects of specific movement strate-
gies (eg, control), do they run the risk
of facilitating poorer outcomes such as
fear avoidance??®

Conceptual Clarification

One way to understand motor control
is to examine it at a conceptual level.
Concepts have been described as the
building blocks of theory® and theory de-
velopment,’® and are embedded through
our use of language and how we clini-
cally practice. Concepts that are vague
or not well understood have the poten-
tial of creating ambiguity, with unfore-
seen consequences that may negatively
impact knowledge translation, patient-
centered care, clinical education, and,
ultimately, patient-related outcomes. It
is therefore advantageous that both the
development and clarification of con-
cepts within the evidence base facilitate a
richer understanding and, therefore, ap-
plication of them. Ironically, despite the
implicit importance of conceptual clarity
in fields of research and clinical practice,

ExAMPLES OF THE USE OF THE CONCEPT OF MOTOR CONTROL

Richardson and Jull*

superficial muscles)

Bergmark's? biomechanical principles (dif-
ferentiation between deep and superficial

muscles)

Sahrmann? Kinesiopathological model

O'Sullivan?® Biopsychosocial model and Panjabi** model
of spinal stability

McGill'® Clinical biomechanical movement and
loading principles

Hides and Stanton® Panjabi®® model of spinal stability and

Bergmark's? biomechanical principles
(differentiation between deep and

TABLE
WITHIN MUSCULOSKELETAL PHYSICAL THERAPY PRACTICE
Study Antecedent Theory Premise Measurement of Motor Control Patient Group
Janda® Muscle imbalance theory Muscle length and tension relationshipsto  Muscle length tests and clinical observa- Whole body

posture, muscle activity, and function

Inhibition of deep stabilizing muscles and
overactive superficial muscles cause
aberrant load and tissue sensitivity

Abnormal movement variation leading to
pathological tissue changes

Adaptive and maladaptive motor patterns
classified into direction-specific control
impairment classification

Load, shear, and movement intolerances

Repetitive dominance of limb causing asym-
metrical trunk muscular hypertrophy,
altering force production, active and
passive stability, and subsequent injury

Movement impairment clinical tests using ~ Whole body
postural, static muscle length, and
dynamic movement tests

Clinical examination and history taking to Low back pain
determine adaptive versus maladaptive
movement behaviors

Provocative tests used to evaluate current  Low back pain
tolerances to load and capacity

Cross-sectional area and symmetry of Low back pain and
deep abdominal muscles as visualized lower extremity
with magnetic resonance imaging or injury?!

tions of static postures and dynamic
movements

Pressure gauge biofeedback while
completing an isometric contraction of
the lumbar spine, later applied to the
craniocervical neck flexion test

ultrasound in the clinic

Low back pain and,
later, neck pain
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there is still debate among philosophers
and researchers regarding the definition
and function that underpin the concepts
themselves.?

Future work with regard to concep-
tual analysis and Delphi studies on the
concept of motor control as used in mus-
culoskeletal practice may provide further
insight to address these concerns.

The Language of Motor Control:

Core Stability—a Source of Confusion
and Potential Deleterious Outcome

The surrogate terms of a concept can
cause a lack of clarity and confusion if
they depart significantly from the con-
cept’s linguistic use and meaning.” Neuro-
muscular control and neuromotor control
contain similar linguistic characteristics
in that they refer to the nervous and
muscular systems alongside the control
of movement. However, the term core sta-
bility lacks a clear linguistic relationship
with movement. The term core stability
emerged through the use of stabilization
exercises of the trunk. The use of stabi-
lization exercises in this context has ex-
clusively been identified from within the
musculoskeletal literature in the man-
agement of low back pain.’o"

McNeill” cautioned against using the
term core stability, as it was “imprecise
and open to interpretation,” and went
on to describe core stability as a subset
of motor control, suggesting that it re-
quired further clarity and perhaps should
be abandoned. O’Sullivan® is critical of
both the terms stabilization and core sta-
bility with respect to the management of
chronic nonspecific low back pain, stat-
ing that the biomedical explanation of
lack of stability of the spine may cause
“fear, abnormal body focus and reinforc-
es pain-related movement and avoidance
behaviours, hypervigilance, catastrophis-
ing, pain and disability fuelling the vi-
cious cycle of pain.” If this were the case
with spine-related pain, then it would be
reasonable to suggest the same in periph-
eral joint regions, as discussed eloquently
by Jull.* Additionally, the relationship
between the use of language, a person’s

understanding, and subsequent meaning
in the literature appears to be very clear.
Language can indeed have a harmful ef-
fect, as studies have identified deleterious
consequences in patients experiencing
musculoskeletal pain.#67

Interpretation From Research

Into the Clinic: Lessons Learned?

The research literature has a tendency
to measure aspects of the concept of mo-
tor control and then to conclude that, if
any effect is found, then it is due to the
concept itself rather than a change in the
attribute. Numerous examples identify
attributes of motor control, such as mus-
cle force production, muscle timing, and
joint position sense, then identify an out-
come after an intervention. The observed
outcome is then ambiguously reported as
being a change in motor control rather
than simply a change in the attribute,
such as valgus during a single-leg squat
motion or reduced movement variabil-
ity. An example is the seminal paper by
Hodges and Richardson," which report-
ed that relative delays in the measure-
ments of transversus abdominis muscle
contraction occurred in individuals with
low back pain when lifting an arm re-
peatedly. The conclusion of the paper
was that this indicated a “deficit of mo-
tor control” and that it was “hypothesised
to result in inefficient stabilisation of the
spine.” The unforeseen consequences
are that such descriptions are then ob-
served in clinical practice, both concep-
tually and literally. Looking back, efforts
in clinical practice became more about
attempting to feel and retrain the con-
traction of the deep abdominal muscles,
which took precedence over other areas
of clinical practice when treating these
groups of patients.

The use of the term motor control
within practice is often used in a specific
way (eg, knee valgus or hip internal ro-
tation during a step-down task), but is
described broadly as a poor motor con-
trol strategy; describing the movement
strategy rather than the vague term mo-
tor control could simply ameliorate this.

Perhaps it is of more value to describe the
changes in the attribute, or set of attri-
butes, of movement than to suggest that
motor control itself changes. This prac-
tical approach may improve knowledge
translation and resolve ambiguity.

Developing New Theoretical Constructs
With developments in cognitive and pain
neuroscience and a greater understand-
ing of the complexities involved between
pain and rehabilitation, the physical
therapy profession may benefit from its
continued vigilance against biomedical
oversimplifications. The future applica-
tions of motor control require a broad
and integrated representation of theo-
retical constructs that outline multiple
mechanisms, consequences, and altera-
tions in movement function in relation to
the context of pain and suffering, with a
fusion of biological, biographical, psycho-
logical, social, and cultural paradigms.

Promising theories from cognitive
neuroscience may solve some of the chal-
lenges of motor control by stepping away
from traditional concepts of input, out-
put, feed forward, optimum, and com-
parator modeling and toward predictive
coding® under a unifying theory of bio-
logical function.

Key Points

* Motor control has enormous poten-
tial for developing our understand-
ing of the assessment, treatment, and
management of the patients in our
care. However, a significant amount
of work is required to develop our
understanding at the conceptual level
to inform further research and imple-
mentation in clinical practice.

» Concepts in musculoskeletal practice
that are vague run the risk of unre-
solved ambiguity in language and our
collective understanding. The concept
of motor control suffers from ambigu-
ity due to its size and scope, and may
benefit from future analysis and com-
pletion of a Delphi study within the
context of musculoskeletal physical
therapy practice.
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In the meantime, being explicit when
describing movement strategies
through defining their attributes is
likely to reduce ambiguity and im-
prove understanding in clinical prac-
tice, education, and research. ®

[ VIEWPOINT ]
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Psychological and Functional Readiness
for Sport Following Advanced Group
Training in Patients With Anterior
Cruciate Ligament Reconstruction

nterior cruciate ligament (ACL) injury is one of the most
common knee injuries,* occurring at a rate of approximately
250000 to 300000 annually in the United States.*” A large
number of patients with ACL injury choose to undergo
anterior cruciate ligament reconstruction (ACLR)* to restore sufficient

knee stability to allow a return to their
preinjury level of function.® Patients gen-
erally have high expectations for return-
ing to preinjury activities after ACLR,"
and return-to-sport participation con-

tributes significantly to patient satisfac-
tion following ACLR.>*

Disappointingly, many patients fail
to return to sport following ACLR, with
a meta-analysis showing that at 4-year

© BACKGROUND: Decreased psychological readi-
ness for sport may contribute to poor return-to-
sport rates after anterior cruciate ligament recon-
struction (ACLR). Though advanced rehabilitation
is used to improve functional readiness for sport
after ACLR, the effect of advanced rehabilitation on
psychological readiness is unknown.

© OBJECTIVE: To examine changes in psychologi-
cal and functional measures and readiness for
sport based on these measures in patients with
ACLR following advanced group training.

© METHODS: In this retrospective cohort study,
patients with primary ACLR enrolled in a 5-week
group training program after completing traditional
physical therapy. Data collection pretraining and
posttraining included demographic information, the
Anterior Cruciate Ligament-Return to Sport after
Injury (ACL-RSI) scale, and single-leg hop testing
(single, triple, crossover triple, and timed hops).
Readiness for sport was based on criteria for the
ACL-RSI scale score (low threshold, 56 points or
greater; high threshold, 75 points or greater) and
hop tests (90% or greater limb symmetry).

© RESULTS: Fifty-eight patients (21 male) par-
ticipated. Mean ACL-RSI scale scores, mean hop
test limb symmetry, and the proportion of patients
meeting ACL-RSI and hop test readiness-for-sport
criteria significantly improved from pretraining to
posttraining. Posttraining ACL-RSI scale scores
were correlated with single hop (r = 0.269) and
triple hop (r = 0.275) limb symmetry, yet changes
in the measures were not significantly corre-
lated. After training, only 53.4% (lower ACL-RSI
threshold) or 379% (higher ACL-RSI threshold) of
the sample met both psychological and functional
readiness criteria.

© CONCLUSION: Advanced group training
following ACLR improved psychological and func-
tional outcomes; however, further, individualized
intervention may be needed to address residual
deficiencies in some patients.

@©LEVEL OF EVIDENCE: Therapy, level 2b.
J Orthop Sports Phys Ther 2018;48(11):864-872.
Epub 12 Jun 2018. doi:10.251%jospt.2018.8041

@KEY WORDS: ACL, hop testing, return to sport

follow-up, only 63% of patients had re-
turned to sports at their preinjury level
and only 44% had returned to com-
petitive sport.® For those patients with
ACLR who do return to sport, risk of
ACL graft reinjury or contralateral ACL
injury is high.7#2%35* Inconsistency in
meeting the goal of a successful return
to preinjury sports after ACLR with-
out reinjury may indicate inadequate
rehabilitation.

Poor psychological readiness for re-
turning to sport has been identified
as a factor that may prohibit return to
sport after injury® and one that can exist
even when physical impairments are re-
solved.?*?°46 Components of poor psycho-
logical readiness for returning to sport
include increased fear of reinjury*'62
and decreased confidence (self-efficacy)
related to athletic ability or performing
sport-specific tasks.” Most clinical set-
tings do not routinely evaluate or address
psychological readiness for sport during
ACLR rehabilitation,? even though it has
been identified as the strongest factor as-
sociated with returning to preinjury ac-
tivity in this population.?

Advanced rehabilitation following
ACLR is advocated to fully prepare pa-
tients for the return to sports.>® Plyomet-
ric training is one common intervention
used in advanced ACLR rehabilitation,!

ITRIA Orthopaedic Center, Bloomington, MN. This study was approved with a waiver of informed consent by the Institutional Review Board at the University of Minnesota.
No grant support was used to complete this study. The authors certify that they have no affiliations with or financial involvement in any organization or entity with a direct
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as it encompasses sport-specific tasks
(eg, running, jumping, and cutting).'*-3
Plyometric training after ACLR has
shown positive effects on vertical jump
height and self-reported knee function,®
performance measures such as limb
symmetry on single-leg hop tests,** and
movement-pattern quality.”” Interven-
tions to improve neuromuscular control
have also been advocated to improve
function*” and minimize reinjury risk®
following ACLR.

While most rehabilitation following
ACLR is performed individually, group
training programs have shown improved
hop test distance in uninjured athletes®’
and improved limb symmetry in patients
who underwent ACLR.** Most studies
on advanced ACLR rehabilitation have
focused on changes in function, not psy-
chological outlook. One study reported
improved self-efficacy, but not decreased
fear of reinjury, after an introduction to
plyometric training in ACLR rehabili-
tation.” However, advanced plyometric
training techniques were not used in
that study due to the early postsurgical
time frame.

The purpose of this study was to ex-
amine changes in psychological and
functional measures, as well as readiness
for sport based on these measures, in
patients with ACLR following advanced
group training. The authors hypoth-
esized that psychological and functional
measures would improve and a greater
proportion of patients would demon-
strate readiness for sport following the
advanced group training program.

METHODS

Study Overview

HIS WAS A RETROSPECTIVE PRE-POST

intervention study. Chart reviews

were performed on patients who
met study inclusion criteria. Data collec-
tion included demographic information,
questionnaire responses, and single-leg
hop testing scores obtained before and
after participation in the advanced group
training program.

Participants

Patients with a primary ACLR who vol-
untarily enrolled in an advanced group
training program between July 2015 and
February 2017 were eligible for partici-
pation. Prior to enrollment, all patients
had completed traditional physical ther-
apy consistent with published proto-
cols.” Briefly, this included phase-based
rehabilitation progressions focused on
restoration of knee range of motion, gait
normalization, increasing lower extrem-
ity strength, perturbation and dynamic
proprioception, completion of a walk-
to-jog program, and, finally, plyometrics
and agility.

To be eligible for enrollment, patients
had to be at least 5 months post surgery
and to exhibit minimal pain with activity,
trace or less effusion, full knee range of
motion, and a combination of reasonable
lower extremity mechanics during a drop
vertical jump and hop test limb symme-
try of greater than 75% to minimize in-
jury risk. In addition, all patients had to
express a desire to return to sports that
involve cutting and pivoting. Exclusion
criteria were previous ipsilateral or con-
tralateral ACLR, multiligament recon-
struction, concomitant meniscus repair,
time from surgery to the start of the ad-
vanced training program of greater than
1 year, or reconstruction with allograft
tissue. Patients with allograft reconstruc-
tion were excluded, as they comprised a
small number (5/100) of eligible patients
and homogeneity in the study sample was
desired. This study was approved with a
waiver of informed consent by the Insti-
tutional Review Board at the University
of Minnesota.

Demographic Variables

Demographic variables were age at the
time of surgery, sex, autograft source,
number of physical therapy visits at-
tended prior to study enrollment, num-
ber of months from surgery to the start
of advanced group training, number
of days from pretesting to posttesting,
and number of group training sessions
attended.

Advanced Group Training Program
The basis for the advanced group training
program has been described previously.*
The program consists of 2 training ses-
sions per week for 5 weeks (10 total ses-
sions), held in a group format, with a
maximum of 8 participants who start and
finish the program collectively. The focus
of the program is on plyometric exercises,
with additional lower extremity and core-
strengthening exercises and agility drills
(APPENDIX, available at www.jospt.org).
Each training session lasted 2 hours
and started with a dynamic warm-up,
followed by the specified exercises, and
ended with a cool-down. The group
training format allowed for additional
rehabilitation to patients who may have
exhausted their insurance benefits and
provided an environment where partici-
pants could challenge each other. Exer-
cises were progressed as specified, unless
individual modifications were deemed
necessary to ensure patient safety. The
program is staffed with 1 physical ther-
apist and 1 certified athletic trainer to
allow adequate corrective feedback on
movement patterns.

Outcomes
The psychological measure was the
12-item Anterior Cruciate Ligament-
Return to Sport after Injury (ACL-RSI)
scale.” Items cover the domains of emo-
tions, confidence in performance, and
risk appraisal, which are thought to be
psychological responses associated with
resumption of sport following athletic
injury. Items are scored from O to 100
points, and the total is divided by 12, giv-
ing a score range from O (a completely
negative psychological outlook) to 100
(a completely positive psychological
outlook). The scale has been shown to
have acceptable reliability, validity, and
test-retest reliability.?6** Furthermore,
questionnaire scores have been shown to
predict athletes who return to the prein-
jury level of sport after ACLR.>28:35

The functional measure was a single-
leg hop test battery consisting of the single
hop for distance, triple hop for distance,
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crossover triple hop for distance, and 6-m
timed hop.*® Patients performed 3 trials
of each hop test on the nonsurgical limb,
followed by the surgical limb, and the
best performance on each side for each
hop test was recorded. Limb symmetry
was calculated as (surgical limb perfor-
mance/nonsurgical limb performance) x
100 for distance measures and (nonsurgi-
cal limb performance/surgical limb per-
formance) x 100 for the timed measure.
This hop testing battery has been shown
to be reliable and valid in patients follow-
ing ACLR* and is recommended to assess
functional readiness to return to sports
following ACLR.20275!

Statistical Analysis

Sample-size estimation was based on
detecting a significant pretraining-to-
posttraining change in the 2 outcomes,
ACL-RSI scale score and hop test limb
symmetry. Pilot data from 15 subjects
were used for the calculation, and limb
symmetry scores were pooled across the
4 hop tests. Using an online sample-size
calculator (http://biomath.info/power/
prt.htm), the sample size necessary to at-
tain 80% power at a 5% significance level
was n = 9 for the ACL-RSI scale score
and n = 47 for the pooled limb symmetry
score. Thus, the minimal sample size was
set at 47 patients.

Statistical analysis was performed
with SPSS Statistics Version 24 (IBM
Corporation, Armonk, NY). Descriptive
statistics were generated for demograph-
ic variables, ACL-RSI scale score, and
limb symmetry for each hop test. Data
were visually inspected and analyzed for
normality with the Shapiro-Wilk test.
Statistical significance was set at P<.05
for all analyses.

Paired-samples ¢ tests analyzed the
pretraining-to-posttraining change in
ACL-RSI scale score and hop test limb
symmetry. Effect sizes determined the
magnitude of the change. The Pearson
correlation coefficient was used to deter-
mine the association between the change
(posttraining score minus pretraining
value) in ACL-RSI scale score and hop

| RESEARCH REPORT ]

test limb symmetry scores, and between
the posttraining ACL-RSI scale score and
hop test limb symmetry scores.

Patients were categorized into “ready”
or “not ready” groups based on criteria
of readiness for sport. Previous studies
have identified the following ACL-RSI
scale scores that predict successful re-
turn to sport: 56 points at 4 months post
surgery,” 67 points at 6.5 months post
surgery,”® 72 points at 12 months post
surgery,®® and 76 points at 14 months
post surgery.®® Though the ACL-RSI scale
score threshold appears to increase with
time from surgery, a definitive threshold
has not yet been established.

Therefore, categorization of patients
as psychologically ready was based on
ACL-RSI scale scores of 56 points or
greater (lower threshold) and 75 points
or greater (higher threshold). Categori-
zation of patients as functionally ready
was based on a limb symmetry score of
greater than or equal to 90% on all 4 hop
tests, which agrees with previous rec-
ommendations for return to sport after
ACLR.920275¢ The proportion of patients
categorized as ready on both ACL-RSI
scale and hop test criteria, one of the cri-
teria, or neither criterion was computed
at pretraining, posttraining, and for the
change from pretraining to posttraining.
The McNemar test analyzed the pretrain-
ing-to-posttraining change in the propor-

tion of patients categorized as ready on
the ACL-RSI scale and hop test measures
separately, as well as the proportion of
patients categorized as ready on ACL-RSI
scale and hop test measures combined.

RESULTS

F 100 PATIENTS WITH ACLR wHO
Oparticipated in the advanced group
training program during the study
period, 58 patients met all study criteria
(FIGURE 1). Demographic variables for the
study sample can be viewed in TABLE 1.
The study sample comprised 64% female
participants, and the program was start-
ed at a mean of 8.1 months after surgery.
The ACL-RSI scale and hop test limb
symmetry scores significantly improved
from pretraining to posttraining (TABLE 2)
(all, P<.01). The mean increase in ACL-
RSI scale score was 17.8 points, which
exceeds the standard error of the mea-
surement for the measure.** Mean hop
test limb symmetry scores ranged from
88.3% to 91.2% at pretraining, and from
92.6% to 94.7% at posttraining. The ef-
fect size for the change in ACL-RSI scale
score (d = 1.04) was greater than the ef-
fect size for the change in limb symme-
try for any of the hop tests (range, d =
0.36-0.59).
TABLE 3 shows the correlations between
ACL-RSI scale score and hop test limb

Total patients with ACLR, n =100

Excluded, n =32
« Did not complete program,n=6
* Revision,n=6

A 4

Primary ACLR, n = 68

P« Multiligament,n=5

« Meniscus repair,n=9

« MPFL,n=4

« Tibial spine fracture, n =1
» Nonsurgical,n=1

Excluded, n =10

v

Primary autograft ACLR, n = 58

patellofemoral ligament.

]
FIGURE 1. Study enrollment. Abbreviations: ACLR, anterior cruciate ligament reconstruction; MPFL, medial

P - Greater than 1y post surgery,n =5
« Allograft,n=5
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symmetry scores. No significant corre-
lation was found between the ACL-RSI
scale and hop test limb symmetry change
scores. However, significant positive cor-
relations were found at posttraining be-
tween ACL-RSI scale score and single
hop (r=0.269, P =.041) and triple hop (r
= 0.275, P = .036) limb symmetry scores.

Readiness for sport categorization at
pretraining and posttraining for ACL-
RSI and hop test limb symmetry criteria
individually is shown in FIGURES 2 and
3. Regardless of the ACL-RSI threshold
used, the proportion of patients catego-
rized as psychologically ready increased
from pretraining to posttraining (FIGURES
2A and 2B, respectively; P<.001). More
specifically, using either of the ACL-RSI

thresholds, 21 patients (36.2%) changed
from not ready to ready following train-
ing, while no patients regressed in status.

The proportion of patients catego-
rized as functionally ready, based on hop
test limb symmetry, also significantly in-
creased from pretraining to posttraining
(FIGURE 3) (P = .003). Following training,
20 patients (34.5%) improved from not
ready to ready, while 1 patient regressed
in status (met all hop test criteria at
pretraining but did not meet triple hop
and crossover triple hop criteria at post-
training). The number of patients who
achieved 90% or greater limb symmetry
on each hop test at posttraining was 46
of 58 (79.3%) for the single hop, 42 of
58 (772.4%) for the triple hop, 43 of 58

TABLE 1 DEMOGRAPHICS OF STUDY SAMPLE*
Variable Value
Age at time of surgery, y 212+78
Sex, n

Female 37

Male 21
Autograft source, n

Patellar tendon 44

Hamstring 14
Pretraining physical therapy visits, n 235+70
Time from surgery to start of training, mo 81+18
Time from pretraining to posttraining, d 405+16
Training sessions attended, n 94

*Values are mean or mean + SD unless otherwise indicated.

TABLE 2

PRETRAINING AND POSTTRAINING VALUES
FOR THE ACL-RSI ScaLE AND Hop TEST
LiMB SYMMETRY MEASURES

Outcome Pretraining* Posttraining* Effect Size, d
ACL-RS! scale, points 60.1+19.3 779+147 1.04t
Single hop LS, % 897+87 942+6.6 0.58t
Triple hop LSI, % 88.3+81 926+65 0.591
Crossover triple hop LSI, % 896+94 93.0+92 0.36
Timed hop LS|, % 912+88 947 +76 043t

metry indea.
*Values are mean + SD.
'P<.01.

Abbreviations: ACL-RSI, Anterior Cruciate Ligament-Return to Sport after Injury; LSI, limb sym-

(74.1%) for the crossover triple hop, and
44 of 58 (75.9%) for the timed hop.

Readiness-for-sport categorization at
pretraining and posttraining, based on
ACL-RSI scale and hop test limb sym-
metry criteria combined, is shown in
FIGURE 4. Using the lower ACL-RSI scale
threshold, the proportion of patients
classified as ready increased from 6.9%
at pretraining (FIGURE 4A) to 53.4% at
posttraining (FIGURE 4B) (P<.001). Using
the higher ACL-RSI scale threshold, the
proportion of patients classified as ready
increased from 5.2% at pretraining (FIG-
URE 4C) to 37.9% at posttraining (FIGURE
4D) (P<.001).

The proportion of patients who
changed from the not ready to the ready
categorization following training, with
consideration of both ACL-RSI scale
and hop test limb symmetry criteria,
is shown in FIGURE 5. Using the lower
ACL-RSI scale threshold, 10.3% (6/58)
changed status on both criteria at post-
training, while 32.8% (19/58) did not
change status on either criterion at post-
training (FIGURE 5A). Of these, 4/58 (6.9%)
had already met both criteria. Using the
higher ACL-RSI scale threshold, 13.8%
(8/58) changed status on both criteria at
posttraining, while 36.2% (21/58) did not
change status on either criterion at post-
training (FIGURE 5B). Of these, 3/58 (5.2%)
had already met both criteria.

DISCUSSION

HIS STUDY EXAMINED CHANGES IN
Tpsychological and functional mea-

sures, as well as readiness for sport
based on these measures, in patients
with ACLR following participation in an
advanced group training program. As
hypothesized, significant improvements
were found in both ACL-RSI scale and hop
test limb symmetry scores at posttrain-
ing, and the percentage of patients who
demonstrated readiness to return to sport
on each measure significantly increased
from pretraining to posttraining. How-
ever, there was no correlation between
the amount of change on ACL-RSI scale
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and hop test limb symmetry scores, and
only the single and triple hop limb sym-
metry scores were significantly correlated
with ACL-RSI scale score following train-
ing. Despite improvements from pretrain-
ing to posttraining, when using the lower
and higher ACL-RSI scale thresholds, re-
spectively, only 53.4% and 37.9% of the
sample met criteria for psychological and
functional readiness for sport following
training. These findings support the po-
tential for advanced group training to pro-
vide psychological and functional benefit
to patients with ACLR; however, should
ongoing deficits persist, additional, indi-
vidualized intervention may be necessary
to ensure complete readiness for sport.
The ACL-RSI scale scores increased
after advanced group training, indicat-
ing better psychological readiness for

B
100 80
70
< 80 < 60
= 60 <= 50
£ £ 40
g 40 230
o o
- & 20
=20 10
0 0
Pre  Post* Pre  Post*
M Ready M Not ready

FIGURE 2. Proportion of patients categorized as
“ready” or “not ready” for return to sport at pretraining
and at posttraining, based on ACL-RSI scale criteria.
(A) Classification using a threshold of 56 points or
greater on the ACL-RSI scale. (B) Classification using a
threshold of 75 points or greater on the ACL-RSI scale.
Abbreviation: ACL-RSI, Anterior Cruciate Ligament-
Return to Sport after Injury. *P<.00L

90
801
70
601
50
404
304

20
-
0
Pre Post*

M Ready

Proportion, %

Not ready

FIGURE 3. Proportion of patients categorized

as “ready” or “not ready” for return to sport at
pretraining and at posttraining, based on hop test
limb symmetry index criteria. *P<.05.
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sport. This finding corroborates previ-
ous work showing increased self-efficacy
after plyometric training during ACLR
rehabilitation, although in that study fear
of reinjury did not significantly change.’
Furthermore, the group mean ACL-RSI
scale score at posttraining (77.9 points)
is higher than that reported for patients
with primary ACLR at 1 year post surgery
(65.4%® and 65.0% points). Thus, the find-
ings of this study add to the understanding
of the potential for meaningful psycholog-
ical improvement following completion of
advanced ACLR rehabilitation.

Limb symmetry on the single-leg hop
tests also improved following training,
supporting the researchers’ previous
work.** The mean increase ranged from
3.4% to 4.5% across the hop tests, and
the effect size was much smaller than the
effect size for ACL-RSI scale score. At
face value, this appears to indicate that
the advanced group training program
had greater psychological than functional
benefit in this sample.

However, there was a ceiling effect for
the potential change in hop testing limb

symmetry, as patients were required to
achieve a minimum of 75% limb sym-
metry prior to enrolling in the advanced
group training program. This study in-
clusion criterion was intended to ensure
sufficient strength for patient safety dur-
ing the advanced group training pro-
gram, but it also reduced the capacity for
change on the hop tests. Conversely, there
was no psychological requirement for
program enrollment, nor were patients
given specific psychological intervention
prior to enrollment. Despite the relative-
ly small improvement on hop tests, the
mean limb symmetry index for each hop
test exceeded 90% at posttraining, which
is consistent with the current threshold
recommended for return to sport.9-20:2751

Overall, the proportion of patients
who met ACL-RSI scale and hop test limb
symmetry readiness-for-sport criteria
increased after training, which supports
the efficacy of advanced rehabilitation to
prepare patients with ACLR for a return
to sport. The clinical picture was different
when using the lower and higher ACL-
RSI scale thresholds. Using the lower

TABLE 3

CORRELATION BETWEEN ACL-RSI ScALE
ScoRES AND HoP TEST LIMB SYMMETRY
AT POSTTRAINING AND CHANGE FROM
PRETRAINING TO POSTTRAINING™*

ACL-RSI Scale Score

Posttraining

Change

Single hop LSI
Posttraining
Change

Triple hop LSI
Posttraining
Change

Crossover triple hop LSI
Posttraining
Change

Timed hop LSI
Posttraining
Change

0.27¢

0.28

0.14

0.23

-0.04

0.07

0.18

-0.07

index.
*Values are 1.
P<.05.

Abbreviations: ACL-RSI, Anterior Cruciate Ligament-Return to Sport after Injury; LSI, limb symmetry
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ACL-RSI scale threshold, 91.3% of pa-
tients were categorized as psychologically
ready for sport after training, while using
the higher ACL-RSI scale threshold, only
62.1% of patients were categorized as psy-
chologically ready for sport after training.
The differences in categorization depend-
ing on the ACL-RSI scale threshold used
demonstrate the need for future work
to define an appropriate ACL-RSI scale
threshold to use in return-to-sport deci-
sion making.

Only 53.4% were categorized as psy-
chologically and functionally ready for
sport after training. No correlation was
found between the change in ACL-RSI
scale score and hop test limb symme-
try, and only weak correlations were
found between ACL-RSI scale score and
single hop and triple hop limb symme-
try at posttraining. Although the result
suggests relative independence of these
measures, the authors urge caution with
this interpretation. The study entrance
criterion of 75% hop test limb symmetry
reduced variability in the measure, which
could have limited the potential for find-
ing an association between the change
in hop test limb symmetry and ACL-RSI
scale score. Further research is neces-
sary to fully understand the association
between psychological and functional
improvement.

Considering both ACL-RSI scale and
hop test limb symmetry criteria together,
only 53.4% (using the lower ACL-RSI
scale threshold) or 37.9% (using the

higher ACL-RSI scale threshold) were
categorized as ready to return to sport
at posttraining. Other patients were cat-
egorized as ready to return to sport on
individual measures, and this may have
important clinical ramifications. For ex-
ample, those who met the ACL-RSI scale
criterion but not the hop test limb sym-
metry criterion may have adequate psy-
chological outlook to return to sport but
increased reinjury risk due to functional
deficits. Conversely, patients who met the
hop test limb symmetry criterion but not
the ACL-RSI scale criterion could be at
risk for cessation of sport due to psycho-
logical limitation.

The authors found that about a quar-
ter of the sample improved on the ACL-
RSI scale criterion and another quarter
improved on the hop test limb symme-
try criterion, but about 40% showed no
change on either criterion. These results
highlight the potential for an individual
response to advanced ACLR rehabili-
tation and the need to consider both
psychological and functional status in
return-to-sport decision making.”

Previous studies have focused on edu-
cation! or cognitive-behavioral tech-
niques (eg, goal setting,'*** imagery,*"*
self-talk,* relaxation,'>** and graded ex-
posure'®*®) as interventions to improve
psychological outlook after injury. How-
ever, a recent systematic review found
limited evidence for the efficacy of psy-
chosocial interventions to improve func-
tional recovery following ACLR."

A B*
M Not ready: both

Sport after Injury; LSI, limb symmetry index. *P<.00L.

Ready: LSl only M Ready: ACL-RSI only M Ready: both

FIGURE 4. Proportion of patients categorized as “ready” or “not ready” for return to sport at pretraining and at
posttraining, based on combined ACL-RSI scale and hop test LSI criteria. (A) Pretraining and (B) posttraining
results using an ACL-RSI scale threshold of 56 points or greater. (C) Pretraining and (D) posttraining results using
an ACL-RSI scale threshold of 75 points or greater. Abbreviations: ACL-RSI, Anterior Cruciate Ligament-Return to

9¢

The advanced group training program
included exercise progressions with in-
creasing physical demand, without specif-
ically targeting psychological outlook. The
exercise progressions are similar in princi-
ple to a graded exposure, whereby patients
are progressively exposed to situations
that cause fear,’® and this might have fa-
cilitated the psychological improvements
seen at posttraining. However, patients
were not specifically queried about the
tasks or situations that caused fear or lack
of confidence, and this might have lim-
ited psychological improvement in some
patients. Future work could incorporate
exercises that target patient concerns re-
lated to fear of reinjury or lack of confi-
dence, possibly in combination with other
psychologically based interventions, to en-
hance the psychological response.

Importantly, this study used a group
format for advanced ACLR rehabilitation.
This may be advantageous to improving
psychological readiness, as it allows for
further supervised rehabilitation while
minimizing cost, and may also increase
the support patients feel because they are
exercising with others who are in similar
postoperative situations. One negative as-
pect of the group format is that interven-
tions were not individualized; however,
this agrees with the conclusion that inter-
vention focused on individual deficits may

oy &P

M Changed: both ™ Changed: none
M Changed: ACL-RSI only M Changed: LSI only
W Ready: both pre and post

FIGURE 5. Proportion of patients who changed from
the “not ready” to the “ready” categorization from
pretraining to posttraining, based on ACL-RSI scale
and hop test LSI return-to-sport criteria. (A) The low
ACL-RSI scale threshold of 56 points or greater was
used. (B) The high ACL-RSI scale threshold of 75
points or greater was used. Abbreviations: ACL-RS,
Anterior Cruciate Ligament-Return to Sport after
Injury; LSI, limb symmetry index.
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be necessary to ensure complete readiness
for sport should deficits persist following
group training.

The main strength of this study is the
focus on psychological change following
completion of an advanced group train-
ing program, as this is a novel contribu-
tion to the literature. Past studies have
reported psychological deficits after
ACLR without describing the rehabilita-
tion program.'6:25°

The main study limitation is the lack
of a control group. Without a control
group, it is unknown to what extent, if
any, the posttraining psychological and
functional improvements were due to the
passage of time. Also, this study is subject
to selection bias, as patients self-elected
to participate in the advanced group
training program. It is therefore possible
that pretraining scores and improve-
ments following the advanced group
training program do not generalize to
the entire ACLR population, particularly
as patients in this study expressed moti-
vation to return to sport. This study did
not include muscle strength testing, so it
is possible that residual weakness (par-
ticularly quadriceps weakness) would
need to be addressed for better function-
al outcome. Finally, the criteria used to
categorize psychological and functional
readiness for return to sport were defined
by the study and may be different from
those used in other clinical settings.

CONCLUSION

MPROVED PSYCHOLOGICAL AND FUNC-
tional status was observed in patients
with ACLR following the completion
of an advanced group training program.
Moreover, a greater proportion of pa-
tients showed psychological and func-
tional readiness for returning to sport at
posttraining. However, psychological and
functional improvements were not corre-
lated, and the measures were only weakly
correlated at posttraining.
Using different ACL-RSI scale thresh-
olds substantially alters readiness-for-
sport categorization. Regardless of the

| RESEARCH REPORT ]

psychological criterion used, nearly 50%
of patients continued to demonstrate
failure to achieve either psychological or
functional readiness thresholds, or both,
following training. Thus, additional in-
tervention may be necessary in some pa-
tients to address remaining deficits to
optimize successful return to sports. ®

IKEY POINTS

FINDINGS: Both psychological and func-
tional readiness for sport improved
following an advanced group training
program in patients with anterior cruci-
ate ligament reconstruction. However,
nearly half of the patients demonstrated
residual psychological and/or functional
deficits.

IMPLICATIONS: Advanced group training
can help improve both psychological and
functional readiness for sport after an-
terior cruciate ligament reconstruction,
which may facilitate a return to preinjury
sports participation. Some patients who
demonstrate ongoing deficits may re-
quire additional, individually based phys-
ical and/or psychological intervention.
CAUTION: Patients voluntarily enrolled in
the advanced group training program
and may have a different psychologi-

cal outlook from that of others who did
not enroll. Also, it is unknown to what
extent the psychological and functional
improvements were due to the passage
of time.

ACKNOWLEDGMENTS: The authors thank Jonny
Diercks, MS, ATC; Craig Dorn, PT, DPT, OCS;
Layla Elmajri, PT, DPT, OCS; Gregory Gov-
rik, PT, DPT: Rachel Hakanson, PT, DPT,
OCS; and Chad Kofoed, PT, DPT, OCS, for
their assistance with training sessions. Mi-
chael Obermeter, MSEd, ATC, assisted with
study administration.

1. Adams D, Logerstedt DS, Hunter-Giordano A,
Axe MJ, Snyder-Mackler L. Current concepts
for anterior cruciate ligament reconstruction:
a criterion-based rehabilitation progression.
J Orthop Sports Phys Ther. 2012;42:601-614.

~

10.

11

12.

https://doi.org/10.251%/jospt.2012.3871

. Ardern CL, Kvist J. What is the evidence

to support a psychological component to
rehabilitation programs after anterior cruciate
ligament reconstruction? Curr Orthop Pract.
2016;27:263-268. https://doi.org/10.1097/
BC0.0000000000000371

. Ardern CL, Osterberg A, Tagesson S, Gauffin

H, Webster KE, Kvist J. The impact of
psychological readiness to return to sport and
recreational activities after anterior cruciate
ligament reconstruction. Br J Sports Med.
2014;48:1613-1619. https://doi.org/10.1136/
bjsports-2014-093842

. Ardern CL, Taylor NF, Feller JA, Webster KE.

Fear of re-injury in people who have returned
to sport following anterior cruciate ligament
reconstruction surgery. J Sci Med Sport.
2012;15:488-495. https://doi.org/10.1016/].
jsams.2012.03.015

. Ardern CL, Taylor NF, Feller JA, Whitehead TS,

Webster KE. Psychological responses matter in
returning to preinjury level of sport after anterior
cruciate ligament reconstruction surgery. Am

J Sports Med. 2013;41:1549-1558. https://doi.
org/10.1177/0363546513489284

. Ardern CL, Webster KE, Taylor NF, Feller JA.

Return to sport following anterior cruciate
ligament reconstruction surgery: a systematic
review and meta-analysis of the state of play.
Br J Sports Med. 2011;45:596-606. https://doi.
org/10.1136/bjsm.2010.076364

. Barber-Westin SD, Noyes FR. Factors used to

determine return to unrestricted sports activities
after anterior cruciate ligament reconstruction.
Arthroscopy. 2011;27:1697-1705. https://doi.
org/10.1016/j.arthro.2011.09.009

. Beynnon BD, Johnson RJ, Abate JA, Fleming

BC, Nichols CE. Treatment of anterior
cruciate ligament injuries, part I. Am J
Sports Med. 2005;33:1579-1602. https://doi.
0rg/10.1177/0363546505279913

. Chmielewski TL, George SZ, Tillman SM, et

al. Low- versus high-intensity plyometric
exercise during rehabilitation after anterior
cruciate ligament reconstruction. Am J

Sports Med. 2016;44:609-617. https://doi.
org/10.1177/0363546515620583

Chmielewski TL, Myer GD, Kauffman D, Tillman
SM. Plyometric exercise in the rehabilitation

of athletes: physiological responses and
clinical application. J Orthop Sports Phys Ther.
2006;36:308-319. https://doi.org/10.251%/
jospt.2006.2013

Coronado RA, Bird ML, Van Hoy EE, Huston

LJ, Spindler KB, Archer KR. Do psychosocial
interventions improve rehabilitation outcomes
after anterior cruciate ligament reconstruction? A
systematic review. Clin Rehabil. 2018;32:287-298.
https://doi.org/10.1177/0269215517728562
Cupal DD, Brewer BW. Effects of relaxation

and guided imagery on knee strength,

reinjury anxiety, and pain following anterior
cruciate ligament reconstruction. Rehabil

870 | NOVEMBER 2018 | VOLUME 48 | NUMBER 11 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY




Downloaded from www.jospt.org at on October 23, 2024. For personal use only. No other uses without permission.

Copyright © 2018 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23"

Psychol. 2001;46:28-43. https://doi.
0rg/10.1037/0090-5550.46.1.28

Dominguez JA, Bishop MD, Chmielewski TL,
Tillman S, Conrad BP, Moser MW. Effects of
plyometric training intensity on symmetry

of landing mechanics during a drop vertical
jump following anterior cruciate ligament
reconstruction [abstract]. J Orthop Sports Phys
Ther. 2014;44:A50. https://doi.org/10.2519/
jospt.2014.44.1.A47

Evans L, Hardy L. Injury rehabilitation: a goal-
setting intervention study. Res Q Exerc Sport.
2002;73:310-319. https://doi.org/10.1080/02701
367.2002.10609025

Feucht MJ, Cotic M, Saier T, et al. Patient
expectations of primary and revision anterior
cruciate ligament reconstruction. Knee Surg
Sports Traumatol Arthrosc. 2016;24:201-207.
https://doi.org/10.1007/400167-014-3364-z
Flanigan DC, Everhart JS, Pedroza A, Smith T,
Kaeding CC. Fear of reinjury (kinesiophobia)
and persistent knee symptoms are common
factors for lack of return to sport after anterior
cruciate ligament reconstruction. Arthroscopy.
2013;29:1322-1329. https://doi.org/10.1016/.
arthro.2013.05.015

Francis SR, Andersen MB, Maley P.
Physiotherapists” and male professional
athletes’ views on psychological skills

for rehabilitation. J Sci Med Sport.
2000;3:17-29. https://doi.org/10.1016/
S1440-2440(00)80044-4

George SZ, Zeppieri G, Jr. Physical therapy
utilization of graded exposure for patients with
low back pain. J Orthop Sports Phys Ther.
2009;39:496-505. https://doi.org/10.2519/
jospt.2009.2983

Gokeler A, Welling W, Zaffagnini S, Seil R, Padua
D. Development of a test battery to enhance
safe return to sports after anterior cruciate
ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc. 2017;25:192-199. https://
doi.org/10.1007/500167-016-4246-3

Grindem H, Snyder-Mackler L, Moksnes H,
Engebretsen L, Risberg MA. Simple decision
rules can reduce reinjury risk by 84% after ACL
reconstruction: the Delaware-Oslo ACL cohort
study. Br J Sports Med. 2016;50:804-808.
https://doi.org/10.1136/bjsports-2016-096031
Hamrin Senorski E, Samuelsson K, Thomeé C,
Beischer S, Karlsson J, Thomeé R. Return to
knee-strenuous sport after anterior cruciate
ligament reconstruction: a report from a
rehabilitation outcome registry of patient
characteristics. Knee Surg Sports Traumatol
Arthrosc. 2017;25:1364-1374. https://doi.
0rg/10.1007/500167-016-4280-1

Hamson-Utley JJ, Vazquez L. The comeback:
rehabilitating the psychological injury. Athl Ther
Today. 2008;13:35-38. https://doi.org/10.1123/
att.13.5.35

Johnson U. Short-term psychological
intervention: a study of long-term-injured
competitive athletes. J Sport Rehabil.

24,

25.

26.

21.

28.

29.

30.

3L

32.

33%

34,

2000;9:207-218. https://doi.org/10.1123/
jsr9.3.207

Kocher MS, Steadman JR, Briggs K, Zurakowski
D, Sterett WI, Hawkins RJ. Determinants of
patient satisfaction with outcome after anterior
cruciate ligament reconstruction. J Bone Joint
Surg Am. 2002;84-A:1560-1572.

Kvist J, Ek A, Sporrstedt K, Good L. Fear of re-
injury: a hindrance for returning to sports after
anterior cruciate ligament reconstruction. Knee
Surg Sports Traumatol Arthrosc. 2005;13:393-
397. https://doi.org/10.1007/500167-004-0591-8
Kvist J, Osterberg A, Gauffin H, Tagesson

S, Webster K, Ardern C. Translation and
measurement properties of the Swedish
version of ACL-Return to Sports after

Injury questionnaire. Scand J Med Sci

Sports. 2013;23:568-575. https://doi.
org/10.1111/j.1600-0838.2011.01438 x

Kyritsis P, Bahr R, Landreau P, Miladi R, Witvrouw
E. Likelihood of ACL graft rupture: not meeting
six clinical discharge criteria before return to
sport is associated with a four times greater risk
of rupture. Br J Sports Med. 2016;50:946-951.
https://doi.org/10.1136/bjsports-2015-095908
Langford JL, Webster KE, Feller JA. A
prospective longitudinal study to assess
psychological changes following anterior
cruciate ligament reconstruction surgery. Br

J Sports Med. 2009;43:377-38L. https://doi.
org/10.1136/bjsm.2007.044818

Lefevre N, Klouche S, Mirouse G, Herman S,
Gerometta A, Bohu Y. Return to sport after
primary and revision anterior cruciate ligament
reconstruction: a prospective comparative
study of 552 patients from the FAST cohort.
Am J Sports Med. 2017;45:34-41. https://doi.
0rg/10.1177/0363546516660075

Lentz TA, Zeppieri G, Jr., George SZ, et al.
Comparison of physical impairment, functional,
and psychosocial measures based on fear

of reinjury/lack of confidence and return-to-
sport status after ACL reconstruction. Am J
Sports Med. 2015;43:345-353. https://doi.
org/10.1177/0363546514559707

Maddison R, Prapavessis H, Clatworthy M,

et al. Guided imagery to improve functional
outcomes post-anterior cruciate ligament
repair: randomized-controlled pilot trial. Scand
J Med Sci Sports. 2012;22:816-821. https://doi.
org/10.1111/j.1600-0838.2011.01325.x
Majewski M, Habelt S, Steinbriick K.
Epidemiology of athletic knee injuries: a 10-
year study. Knee. 2006;13:184-188. https://doi.
0rg/10.1016/j.knee.2006.01.005

McKinney CH, Antoni MH, Kumar M,

Tims FC, McCabe PM. Effects of guided
imagery and music (GIM) therapy on mood
and cortisol in healthy adults. Health

Psychol. 1997;16:390-400. https://doi.
0rg/10.1037/0278-6133.16.4.390

Meierbachtol A, Rohman E, Paur E, Bottoms

J, Tompkins M. Quantitative improvements in
hop test scores after a 6-week neuromuscular

351

36.

37.

38.

39.

40.

41,

42,

43.

44,

45.

46.

training program. Sports Health. 2017,9:22-29.
https://doi.org/10.1177/1941738116667933
Miller U, Kriiger-Franke M, Schmidt M,
Rosemeyer B. Predictive parameters for return
to pre-injury level of sport 6 months following
anterior cruciate ligament reconstruction
surgery. Knee Surg Sports Traumatol Arthrosc.
2015;23:3623-3631. https://doi.org/10.1007/
500167-014-3261-5

Myer GD, Chu DA, Brent JL, Hewett TE. Trunk
and hip control neuromuscular training for the
prevention of knee joint injury. Clin Sports Med.
2008;27:425-448. https://doi.org/10.1016/].
csm.2008.02.006

Myer GD, Ford KR, Palumbo JP, Hewett TE.
Neuromuscular training improves performance
and lower-extremity biomechanics in female
athletes. J Strength Cond Res. 2005;19:51-60.
Myer GD, Paterno MV, Ford KR, Hewett TE.
Neuromuscular training techniques to target
deficits before return to sport after anterior
cruciate ligament reconstruction. J Strength
Cond Res. 2008;22:987-1014. https://doi.
0rg/10.1519/JSC.0b013e31816a86¢d

Myer GD, Paterno MV, Ford KR, Quatman

CE, Hewett TE. Rehabilitation after anterior
cruciate ligament reconstruction: criteria-based
progression through the return-to-sport phase.
J Orthop Sports Phys Ther. 2006;36:385-402.
https://doi.org/10.2519/jospt.2006.2222
Noyes FR, Barber SD, Mangine RE. Abnormal
lower limb symmetry determined by function
hop tests after anterior cruciate ligament
rupture. Am J Sports Med. 1991;19:513-518.
https://doi.org/10.1177/036354659101900518
0'Connor E, Hell J, Hammer P, Zimmerman |.
Injury. In: Taylor J, Wilson GS, eds. Applying Sport
Psychology: Four Perspectives. Champaign, IL:
Human Kinetics; 2005:187-206.

Paterno MV, Rauh MJ, Schmitt LC, Ford KR,
Hewett TE. Incidence of second ACL injuries

2 years after primary ACL reconstruction and
return to sport. Am J Sports Med. 2014;42:1567-
1573. https://doi.org/10.1177/0363546514530088
Podlog L, Dimmock J, Miller J. A review of return
to sport concerns following injury rehabilitation:
practitioner strategies for enhancing recovery
outcomes. Phys Ther Sport. 2011;12:36-42.
https://doi.org/10.1016/j.ptsp.2010.07.005

Reid A, Birmingham TB, Stratford PW, Alcock
GK, Giffin JR. Hop testing provides a reliable and
valid outcome measure during rehabilitation
after anterior cruciate ligament reconstruction.
Phys Ther. 2007;87:337-349. https://doi.
0rg/10.2522/ptj.20060143

Risberg MA, Holm |, Myklebust G, Engebretsen L.
Neuromuscular training versus strength training
during first 6 months after anterior cruciate
ligament reconstruction: a randomized clinical
trial. Phys Ther. 2007,87:737-750. https://doi.
0rg/10.2522/ptj.20060041

Ross MD. The relationship between functional
levels and fear-avoidance beliefs following
anterior cruciate ligament reconstruction. J

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

VOLUME 48 | NUMBER 11 | NOVEMBER 2018 | 871




| RESEARCH REPORT ]

Orthop Traumatol. 2010;11:237-243. https://doi.
0rg/10.1007/10195-010-0118-7

. Schub D, Saluan P. Anterior cruciate ligament
injuries in the young athlete: evaluation
and treatment. Sports Med Arthrosc Rev.
2011;19:34-43. https://doi.org/10.1097/
JSA.0b013e31820b960d

. Slagers AJ, Reininga IH, van den Akker-Scheek I. The
Dutch language Anterior Cruciate Ligament Return
to Sport after Injury scale (ACL-RSI) - validity and
reliability. J Sports Sci. 2017,35:393-401. https://
doi.org/10.1080/02640414.2016.1167230

. Spindler KP, Wright RW. Clinical practice.
Anterior cruciate ligament tear. N Engl J Med.
2008;359:2135-2142. https://doi.org/10.1056/
NEJMcp0804745

. Thomeé R, Kaplan Y, Kvist J, et al. Muscle
strength and hop performance criteria prior to
return to sports after ACL reconstruction. Knee
Surg Sports Traumatol Arthrosc. 2011;19:1798-
1805. https://doi.org/10.1007/500167-011-1669-8

51. van Melick N, van Cingel RE, Brooijmans F, et

al. Evidence-based clinical practice update:
practice guidelines for anterior cruciate ligament
rehabilitation based on a systematic review and
multidisciplinary consensus. Br J Sports Med.
2016;50:1506-1515. https://doi.org/10.1136/
bjsports-2015-095898

. Webster KE, Feller JA, Lambros C. Development

and preliminary validation of a scale to
measure the psychological impact of returning
to sport following anterior cruciate ligament
reconstruction surgery. Phys Ther Sport.
2008;9:9-15. https://doi.org/10.1016/j.
ptsp.2007.09.003

. Webster KE, Feller JA, Leigh WB, Richmond

AK. Younger patients are at increased risk for
graft rupture and contralateral injury after
anterior cruciate ligament reconstruction. Am
J Sports Med. 2014;42:641-647. https://doi.
0rg/10.1177/0363546513517540

. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield

D, Webster KE, Myer GD. Risk of secondary

injury in younger athletes after anterior cruciate
ligament reconstruction: a systematic review and
meta-analysis. Am J Sports Med. 2016;44:1861-
1876. https://doi.org/10.1177/0363546515621554

55. Wilk KE, Macrina LC, Cain EL, Dugas JR, Andrews

JR. Recent advances in the rehabilitation of
anterior cruciate ligament injuries. J Orthop
Sports Phys Ther. 2012;42:153-171. https://doi.
org/10.251%jospt.2012.3741

56. Woods MP, Asmundson GJ. Evaluating the

efficacy of graded in vivo exposure for the
treatment of fear in patients with chronic back
pain: a randomized controlled clinical trial. Pain.
2008;136:271-280. https://doi.org/10.1016/j.
pain.2007.06.037

MORE INFORMATION

WWW.JOSPT.ORG

Downloaded from www.jospt.org at on October 23, 2024. For personal use only. No other uses without permission.

Copyright © 2018 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

JOSPT has created an EndNote reference library for authors to use in
conjunction with PubMed/Medline when assembling their manuscript
references. This addition to Author and Reviewer Tools on the JOSPT website
in the Author and Reviewer Centers offers a compilation of all article
reference sections published in the Journal from 2006 to date as well as
complete references for all articles published by JOSPT since 1979—a
total of more than 30,000 unique references. Each reference has been
checked for accuracy.

This resource is updated twice a year on JOSPT's website.

The JOSPT Reference Library can be found at: http://www.jospt.org/page/
authors/author_reviewer_tools

872 | NOVEMBER 2018 | VOLUME 48 | NUMBER 11 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY




| RESEARCH REPORT ]

APPENDIX

Downloaded from www.jospt.org at on October 23, 2024. For personal use only. No other uses without permission.

Copyright © 2018 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

ADVANCED PLYOMETRIC-BASED TRAINING PROGRAM*

Week 1 Week 2 Week 3 Week 4 Week 5
Plyometrics
Lateral jump (4 x 20) DL lateral jump and hold DL lateral jumps, fast SL lateral jumps, slow SL lateral hops, fast SL figure-of-eight hops
slow
SL anterior jump (3 times ~ Step hold Hop hold Hops forward Triple hop Triple crossover hop

down and back)
SL lateral jump (2 x 10)

Tuck jump (3 = 10)

Lunge jump (2 x 10)

SL rotatory jump (2 x 12)

Strength
Prone trunk (2 x 20)

Kneeling trunk (3 x 60 s)
Lunge (3 x10)
Hamstring (2 x 20)
Lateral trunk (2 x 30)
Flexor trunk (2 x 20)
Extensor trunk (2 x 20)
Agility
Foot speed

Cutting
Reaction

SL lateral Airex hop

Single tuck jump

Lunge jump

SL90° turn

BOSU-ball superman
BOSU-ball double knee hold
Front lunge

DL BOSU-ball bridge

Side plank

Double crunch

Back hyperextension on

stability ball

Ladder drills
Decelerations
Side shuffle with SL stop

SL lateral BOSU ball hop

Double tuck jump

Scissor jump

SL90° turn on Airex

BOSU-ball superman with
alternate arm/leg lifts

BOSU-ball single knee hold

Walking lunge

SLBOSU-ball bridge

Side-plank dips

Double crunch with twist

Back hyperextension with
Mediball reach on
exercise ball

Ladder drills
Step cut at 45°and 90°
Mirror drill

SL lateral BOSU ball with
ball catch

Repeated tuck jump

Lunge jump, unilateral
weight
SL 90° turn with ball catch

BOSU-ball swimmers
DL kneel on exercise ball

Walking lunge, unilateral
weight

SL BOSU-ball bridge with
ball

Rolling Ts
Russian twist

Back hyperextension with
dumbbell fly on exercise
ball

Ladder drills
Run cut at 45° and 90°
Reaction cone light drills

SL BOSU-ball Xhop

Side-to-side tuck jump

Scissor jump, unilateral
weight
SL 180° turn on Airex

Plank with alternate leg lifts

DL kneel on exercise ball
with partner push

Walking lunge with plate
crossover

Exercise ball hamstring curl

Side-plank threaders

Double crunch with Medi-
ball on BOSU ball

Back hyperextension
with Mediball twist on
exercise ball

Ladder drills
Sprint cut at 45° and 90°
Partner direction change

SL BOSU-ball X-hop with
ball catch

Side-to-side barrier tuck
jump

Scissor jumps with ball
Cross

SL 180° turn on Airex with
ball catch

Plank with opposite shoul-
der/hip extension

DL kneel on exercise ball
with ball catch

Walking lunge with shoulder
press

Russian hamstring

Side-plank dips with leg
movement

Double crunch with Medi-
ball on BOSU ball

Back hyperextension with
overhead Mediball catch
on exercise ball

Ladder drills
M, W, L pattern cone drills
Reaction ball

Abbreviations: DL, double leg; SL, single leg.
*The training program was progressed over the 5-week period from DL, a stable surface, and slow movements to SL, an unstable surface, and quick movements.
External perturbations were incorporated with Airex pads and BOSU balls to further increase the difficulty of maintaining knee stability.
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Detection of Knee Power Deficits
Following Anterior Cruciate Ligament
Reconstruction Using Wearable Sensors

ollowing anterior cruciate ligament (ACL) reconstructive
surgery, individuals continue to present with altered sagittal
plane knee loading patterns for 6 to 24 months as they progress
to participation in higher levels of physical activities and
sports.'*162227 The presence of altered loading strategies during this
period is of particular concern, as they are related to an increased risk of

reinjury. A recent prospective study
found that 23% of athletes who exhib-
ited asymmetrical knee loading at the
time they returned to sport sustained a

second ACL injury.”® These data suggest
that clinical identification and ameliora-
tion of asymmetrical sagittal plane knee
loading may be particularly important

© BACKGROUND: Following anterior cruciate liga-
ment reconstruction (ACLR), individuals present
with significant knee power absorption deficits
during deceleration of dynamic tasks. An inability
to quantify these deficits clinically may underlie
their persistence. Recent studies suggest that
segment angular velocities measured with wear-
able inertial sensors have the potential to provide
valuable information about knee power during a
single-limb loading (SLL) task. However, the diag-
nostic accuracy of these measures and procedures
needs to be established before translating this
information to clinical practice.

© OBJECTIVE: To determine the diagnostic accu-
racy of using inertial-sensor thigh angular veloci-
ties to detect asymmetrical knee loading during a
dynamic SLL task in individuals following ACLR.

© METHODS: In this controlled laboratory study,
2l individuals following ACLR performed 3 trials

of SLL on each limb. Sagittal plane peak knee
power absorption was calculated for each limb
(reconstructed and nonsurgical) during decelera-
tion. Between-limb ratios (reconstructed/nonsurgi-

cal limb) were calculated for knee power using
marker-based motion analysis, and thigh angular
velocity was extracted from inertial sensors.
Sensitivity and specificity of thigh angular velocity
ratios in diagnosing asymmetrical knee loading
(knee power deficits greater than 15%) were
determined using receiver operating characteristic
curve analysis.

@ RESULTS: Thigh angular velocity ratios detected
asymmetrical knee loading when performing SLL
with high sensitivity (81%) and specificity (100%).

© CONCLUSION: These findings support the use
of cost-effective wearable sensors to objectively
quantify movement clinically in this population of
individuals following ACLR. This study estab-
lishes procedures for the clinical quantification of
dynamic knee loading deficits. J Orthop Sports
Phys Ther 2018;48(11):895-902. Epub 11 Jul 2018.
doi:10.251%jospt.2018.7995

@ KEY WORDS: anterior cruciate ligament
reconstruction, knee power, limb asymmetries,
rehabilitation, wearable sensors

following anterior cruciate ligament re-
construction (ACLR).

Biomechanically, asymmetrical sagit-
tal knee loading following ACLR is char-
acterized by decreases in knee extensor
moments and power absorption in the
reconstructed knee compared to non-
surgical and healthy control knees dur-
ing dynamic tasks that require eccentric
control or deceleration.”>21232427 Defjcits
in knee power during running, hopping,
and cutting tasks are of particular con-
cern, as dynamic activities and sports
that involve energetic maneuvers demand
high levels of power absorption at the
knee.?*!122% At approximately 5 months
post surgery, as individuals begin run-
ning, deficits in knee power absorption
and knee angular velocity are as large as
37% and 21%, respectively.? While this
may not be surprising given the demands
of running, similar deficits are also pres-
ent at this time during a less demanding,
dynamic single-limb loading (SLL) task.”
Similar impairments are also observed
during running at 3 years post surgery,
indicating that deficits in knee power
absorption may persist long term if not
addressed.’

Difficulty detecting these deficits clini-
cally may underlie their persistence. Joint
power is calculated using 3-D, marker-
based motion-analysis systems that

Human Performance Laboratory, Division of Biokinesiology and Physical Therapy, University of Southern California, Los Angeles, CA. 2Department of Rehabilitation Sciences,
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Research Resource Network of the National Institutes of Health (NIH). Its contents are solely the responsibility of the authors and do not necessarily represent the official views
of the NIH. The authors certify that they have no affiliations with or financial involvement in any organization or entity with a direct financial interest in the subject matter or
materials discussed in the article. Address correspondence to Dr Kristamarie A. Pratt, University of Hartford, Department of Rehabilitation Sciences, 200 Bloomfield Avenue,
West Hartford, CT 06117. E-mail: kristamarie.pratt@gmail.com @ Copyright ©2018 Journal of Orthopaedic & Sports Physical Therapy®
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combine high-speed motion and ground
reaction force data to calculate joint ki-
nematics and kinetics. However, these
analyses are complex, expensive, and
time consuming, and thus are impractical
in the clinic. Moreover, large knee load-
ing deficits (43%) often coincide with
smaller deficits in knee angles (approxi-
mately 10°) during dynamic movements
that take place quickly (less than 200
milliseconds).”” This makes detection of
concurrent kinematic deficits difficult
clinically, as assessment of movement
quality is typically made subjectively with
visual observation.

More recently, wearable inertial sen-
sors capable of collecting kinematic data
(linear acceleration and angular velocity)
at high capture rates (greater than 120
Hz) in multiple planes have been used
to quantify human motion.®** Find-
ings from these studies suggest that in-
ertial data are sensitive enough to detect
movement impairments in populations
with orthopaedic impairments.” Spe-
cifically, thigh angular velocity measured
using inertial sensors is strongly related
to knee power absorption calculated us-
ing a 3-D, marker-based motion-analysis
system during an SLL task in individuals
following ACLR.*°

While these findings suggest that iner-
tial sensors have the potential to provide
valuable information about knee power,
the relationship was not considered in the
context of between-limb deficits. Quanti-
fication of movement impairments often
relies on comparison to the other limb,
represented by a symmetry ratio. It is not
known whether measures of thigh angu-
lar velocity during this task are sensitive
enough to discriminate between symmet-
rical and asymmetrical loading deficits.

Further analyses are needed to de-
termine the diagnostic accuracy of these
measures and procedures before trans-
lating these methods to clinical practice.
Therefore, the aim of this study was to
determine the discriminative accuracy in
diagnosing asymmetrical knee loading
with thigh angular velocity ratios during
an SLL task. Using the typical clinical
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benchmark of symmetry, a between-limb
ratio of 0.85 to 0.90,"%? it was hypoth-
esized that thigh angular velocity mea-
surements extracted from inertial sensors
would detect asymmetrical knee power
with high sensitivity and specificity.

METHODS

Participants

NDIVIDUALS WHO HAD PRIMARY UNI-

lateral ACLR and had recently initi-

ated running progression exercises as
part of their rehabilitation were recruited
from 3 nearby physical therapy clinics
to participate in this study. Participants
were excluded from the study if they
(1) were not cleared by their physical
therapist (not a member of the research
team) to perform the functional activi-
ties (ie, running, walking, hopping), (2)
had evidence of concurrent pathology
or morphology that could cause pain or
discomfort during physical activity, and
(8) exhibited any physical, cognitive, or
other condition that might impair the
individual’s ability to perform the tasks
proposed in this study.

All procedures were explained to each
participant, and written informed con-
sent was obtained as approved by the
Institutional Review Board at the Uni-
versity of Southern California Health
Sciences Campus. Parental consent was
obtained for all participants under the
age of 18 years.

Procedures
Testing took place in the Human Perfor-
mance Laboratory of the Division of Bio-
kinesiology and Physical Therapy at the
University of Southern California, locat-
ed at the Competitive Athletic Training
Zone, Pasadena, CA. Participants’ age,
height, weight, tibia length, dominant
limb (defined as the leg the participant
would use to kick a ball), knee medical
history, and physical activity prior to in-
jury were recorded.

Prior to performing the SLL test, par-
ticipants were asked to warm up on a
stationary bike for 5 minutes. Reflective

markers were placed on the first and fifth
metatarsals, the distal end of second toes,
medial and lateral malleoli, medial and
lateral epicondyles of femurs, greater tro-
chanters, posterior superior iliac spines,
iliac crests, and the L5-S1 junction. In
addition, tracking marker clusters, reflec-
tive markers attached to rigid plates, were
secured bilaterally on participant thighs,
lower legs, and the heels of their shoe by
the same examiner. All markers were re-
moved after a static calibration trial was
collected, except the rigid plates, pelvis
markers, and distal toe markers, which
remained on during testing.

Inertial sensors were placed on the
mid-lateral thighs, with the 2-axis aligned
superior inferiorly with the greater tro-
chanter and bilaterally with the lateral
epicondyle of the femur. For testing, the
position of the inertial sensors coincided
with the position of the tracking marker
clusters, and the sensors were affixed
around the thighs on the rigid plates
firmly using elastic Velero (VIL Ltd, Lon-
don, UK) straps and tape (FIGURE 1).

Kinematic data and ground reaction
force data were collected using a marker-
based, 11-camera motion-capture system
(Qualisys AB, Gothenburg, Sweden)
at 250 Hz and AMTI force platforms
(Advanced Mechanical Technology,
Inc, Watertown, MA) at 1500 Hz, or a
14-camera motion-capture system (BTS
SpA, Milan, Italy) at 340 Hz and force
platforms (BTS SpA) at 1360 Hz. Two
motion-capture systems were used due
to a transition to a new motion-capture
system during the study.

Inertial data were collected, using 2
inertial sensors equipped with triaxial
accelerometers, gyroscopes, and magne-
tometers (Opal; APDM, Inc, Portland,
OR), concurrently with kinematic and
ground reaction force data and time
synchronized. The primary variable of
interest from the inertial sensors, an-
gular velocity, was measured using the
gyroscope. While direct measurements
from the accelerometer and magnetom-
eter were not used for analysis, they re-
mained active throughout data collection
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to increase the accuracy of the gyroscope
measurements using APDM'’s proprietary
algorithm.

Angular velocities were recorded at
128 Hz using Motion Studio software
(APDM, Inc) and wirelessly streamed
from both sensors directly to the comput-
er using the “robust synchronized stream-
ing” mode. During this mode of data
collection, information was streamed
from multiple synchronized sensors di-
rectly to the computer. Data were buft-
ered on the sensors to prevent data loss in
the case of wireless interruptions.

SLL Test

During testing, participants performed
a dynamic SLL task on each limb as de-
scribed previously.? For this task, partici-
pants were instructed to stand on both
feet on a single platform in front of a
target (FIGURE 2). Tape was placed on the
ground on an adjacent force platform as
a target. The distance to the edge of the
target force plate was normalized to each
individual as a distance equal to his or
her tibia’s length.

Participants were instructed to leap
forward to the target location onto a
single limb, lower themselves as far as
they could, and then return to the start-
ing force plate on 2 limbs in 1 continu-
ous, fluid movement. The goal of the task
was to go as low as possible and return
to the starting position without pausing.
For each trial, participants were asked
to perform 3 consecutive repetitions at a
self-selected pace. Participants alternated
between limbs during SLL trials, begin-
ning with the nonsurgical limb.

A trial was considered acceptable
when it contained the presence of a dis-
tinct flight phase, maintenance of bal-
ance throughout the task, complete foot
placement on the target force platform,
and continuous movement through-
out the stance phase and between rep-
etitions. The presence of a flight phase,
verified using force platform data, was
considered a criterion for a successful
trial to avoid instances of double-limb
support. Practice trials were allowed for

individuals to become familiar with the
task. Participants performed 3 trials on
each limb.

Data Analysis
In combination with force data, recon-
structed 3-D marker coordinates (Track

FIGURE 1. Orientation and location of inertial sensors and markers on the lower extremity during testing from the
(A) anterior and (B) lateral views. Orientation of inertial-sensor axes is depicted on the right with red arrows.

Manager; Qualisys AB and SMART-D;
BTS SpA) were used to calculate joint
kinematics, kinetics, and energetics (Vi-
sual3D Version 4.8; C-Motion, Inc, Ger-
mantown, MD). Coordinate data were
low-pass filtered using a fourth-order,
zero-lag Butterworth filter with a 12-Hz

FIGURE 2. Single-limb loading test.
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cutoff. Kinematics, anthropometrics, and
ground reaction forces were used in stan-
dard inverse dynamic equations to calcu-
late internal net joint moments.

Net joint power was calculated as the
product of joint moment and joint angu-
lar velocity. All kinetic and energetic data
were normalized to body mass. Data ob-
tained from Visual3D were exported and
analyzed using a customized MATLAB
program (Version R2014b; The Math-
Works, Inc, Natick, MA).

Signals from the inertial sensors
placed on the thighs measured thigh
angular velocity. Angular velocities, a di-
rect output from the gyroscope, around
the z-axis (2-y plane) of the sensor were
chosen to represent sagittal plane move-
ment (FIGURE 2). To coincide with the
coordinate data, angular velocities were
low-pass filtered using a fourth-order,
zero-lag Butterworth filter with a 12-Hz
cutoff. Customized MATLAB programs
were used to identify variables of interest
extracted from the inertial sensors.

All dependent variables were identi-
fied during the deceleration phase using
outputs from the marker-based system.
Deceleration was defined as the time be-
tween foot strike and peak knee flexion.
Foot strike was identified from the force-
plate measurements when the vertical
ground reaction force was greater than
30 N. Peak knee power absorption was
calculated using the marker-based mo-
tion-capture system. Peak thigh angular
velocities were identified using measure-
ments from inertial sensors. Knee power
symmetry ratios were calculated by di-
viding peak knee power absorption in the
reconstructed limb by nonsurgical values.
Similarly, thigh angular velocity symme-
try ratios were calculated by dividing
peak thigh angular velocities in the recon-
structed limb by nonsurgical-limb values.

A ratio of 1 indicated that the recon-
structed and nonsurgical limbs were equal
in value. A ratio less than 1 indicated that
the reconstructed limb had smaller values
than the nonsurgical limb. The average
symmetry ratios of 3 trials (middle repeti-
tion of each trial) were used for analysis.

| RESEARCH REPORT ]

Statistical Analysis

To determine the relationship between
knee power and thigh angular velocity
symmetry ratios, a linear regression was
performed, using the peak knee power
absorption ratios extracted from marker-
based motion capture and the peak thigh
angular velocity ratios measured using
inertial sensors. Diagnostic accuracy was
examined by determining the area un-
der the receiver operating characteristic
(ROC) curve (AUC), sensitivity, specific-
ity, positive and negative predictive val-
ues, and likelihood ratios in diagnosing
asymmetrical knee loading (between-
limb knee power ratio less than 85%)
with thigh angular velocity ratios.

To determine the optimal threshold of
thigh angular velocity symmetry ratio for
diagnosis of knee loading asymmetries,
ROC curve analysis was performed. The
AUC and 95% confidence intervals (CIs)
were calculated to represent the prob-
ability that thigh angular velocity ratios
can discriminate between symmetrical
and asymmetrical knee power.

Asymmetrical knee power was defined
as a deficit in knee power absorption of
greater than 15% in the reconstructed
limb when compared to the nonsurgical
limb, or a knee power symmetry ratio of
less than 0.85. The AUC values ranged
from O to 1, with an AUC of 1 indicat-
ing 100% probability that a given thigh
angular velocity ratio could discriminate
between symmetrical and asymmetrical
knee power. In the case of a significant
AUC, a cutoff point of thigh angular ve-
locity symmetry ratio for distinguishing
between individuals with and without
asymmetrical knee power at the highest
sensitivity and specificity was identified.
To facilitate interpretation and utilization
of the SLL test clinically, positive predic-
tive and negative predictive values and
positive and negative likelihood ratios
were calculated to characterize the value
of thigh angular velocity measurements
for quantifying asymmetrical loading in
individuals following ACLR.

A likelihood nomogram was used to
determine the probability that an indi-

vidual similar to the participants of the
present study would have asymmetrical
loading using the established thigh an-
gular velocity ratio threshold.”® Statisti-
cal analyses were performed using PASW
Version 18 (IBM Corporation, Armonk,
NY), with a significance level of P<.05.

RESULTS

WENTY-ONE INDIVIDUALS (MEAN
TSD age, 28.8 £ 11.2 years; 12 fe-

male, 9 male; height, 170.9 + 9.9
cm; mass, 69.7 = 13.1 kg) who had pri-
mary unilateral ACLR (11 right and 10
left) using a bone-patellar tendon-bone
autograft (n = 10), allograft (n = 8), or
hamstring autograft (n = 3) approxi-
mately 5.1 + 1.5 months prior to testing
participated. All individuals reported
that they were recreationally active prior
to their injury (evaluated using the Cin-
cinnati Knee Rating System question-
naire).? Recreational athlete was defined
as level 1 or 2 on the Cincinnati Knee
Rating System.

At the time of participation, indi-
viduals were actively attending physical
therapy and had initiated a progressive
program to resume running within 2
months from the time of testing. Seven
participants had prior ACL injuries;
more specifically, 2 participants had prior
ACL surgery on the same limb approxi-
mately 4 and 30 years prior to the current
injury and surgery, 2 participants had
prior ACL surgery on the opposite limb
approximately 3 and 4 years prior to the
current injury and surgery, and 3 partici-
pants had partial tears of their same ACL
with no surgery 2, 8, and 15 years prior to
the current injury and surgery.

Knee power ratios ranged from 0.15
to 1.25 (mean £ SD, 0.62 £ 0.29). Thigh
angular velocity ratios ranged from 0.21
to 1.22 (mean + SD, 0.73 £ 0.24). Thigh
angular velocity ratios (P<.001, R? =
0.664) explained 66.4% of the variance
in knee power ratios (FIGURE 3). Thigh
angular velocity symmetry ratios were
positively correlated with knee power
symmetry ratios, indicating that larger
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angular velocity ratios are related to
greater knee power ratios.

Of 21 participants, 16 were catego-
rized as having asymmetrical knee pow-
er (knee power ratio less than 0.85). The
ROC curve analysis revealed a significant
AUC (0.90; 95% CI: 0.77,1.00; P = .008)
for the use of thigh angular velocity ratios
to discriminate between asymmetrical
and symmetrical knee power.

Thigh angular velocity symmetry
ratios less than or equal to 0.811 classi-
fied an individual performing the SLL
task with asymmetrical knee power with
81.2% sensitivity and 100% specificity.
The positive predictive value was 100%
and the negative predictive value was
62.5%. The positive likelihood ratio was
infinite and the negative likelihood ratio
was 0.188. Overall, 76.2% of the par-
ticipants in this study had asymmetrical
knee power. Using the overall prevalence
rate of asymmetry in this study (76.2%)
as the estimated pretest probability, along
with the calculated likelihood ratios, the
researchers determined that the posttest
probability for having asymmetrical knee
loading for a participant with a thigh an-
gular velocity ratio less than or equal to
0.811 was greater than 99.9% (FIGURE 4),
and for a participant with a thigh angular
velocity ratio greater than 0.811 was 38%
(FIGURE 4).

DISCUSSION

HIS STUDY SUPPORTS THE USE OF
thigh angular velocities extracted
from inertial sensors for clinical
detection of knee power asymmetries in
individuals following ACLR using the
described testing procedure. The ROC
curve analysis determined that thigh an-
gular velocity symmetry ratios are able to
discriminate between asymmetrical and
symmetrical knee power with high speci-
ficity (100%) and sensitivity (81.2%).
For these data, 100% specificity in-
dicates that the inertial-sensor mea-
surements resulted in no false positives,
meaning that all participants who had
symmetrical knee power based on the

gold standard (marker-based motion
capture) were identified as having sym-
metrical knee power using inertial sen-
sors. Further, 81.2% sensitivity indicates
that inertial-sensor measurements result-
ed in a few false negatives, meaning that
of all participants who had asymmetrical
power as indicated by the gold standard,
81% (13/16) of them were identified as
having asymmetrical knee power using
inertial-sensor measurements. Three of
the 16 were considered symmetrical us-
ing inertial sensors when the gold stan-
dard test deemed them asymmetrical.

A between-limb ratio in thigh angular
velocity of 0.811 was determined to be the
critical cutoff for determining asymmetry
in knee power that is greater than 15%.
In the context of the population tested,
clinical interpretation of these data sug-
gests that this test can serve as a good di-
agnostic tool for identifying knee loading
asymmetries using the described testing
procedures and an SLL task.

The positive predictive value of 100%
indicates that all of the participants di-
agnosed with asymmetrical loading us-
ing thigh angular velocity ratios were
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FIGURE 3. The relationship between thigh angular
velocity ratios extracted from inertial sensors and
knee power symmetry ratios calculated from marker-
based motion capture. A ratio of 1.0 indicates that
the surgical limb (after anterior cruciate ligament
reconstruction) equals the nonsurgical limb. A ratio
less than 1.0 indicates that the surgical limb is less
than the nonsurgical limb. The dashed line represents
a knee power ratio of 0.85, the cutoff point for
diagnosing asymmetrical knee loading. Depicted are
participants diagnosed as asymmetrical (squares)
and symmetrical (circles) using the knee power ratio
(y =096x - 0.09; R? = 0.66, P<.001).
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FIGURE 4. A likelihood ratio nomogram. The
pretest probability of asymmetrical knee loading
in individuals following anterior cruciate ligament
reconstruction was estimated at 76%. The positive
likelihood ratio of infinite for thigh angular velocity
during the single-limb loading test is indicated, along
with the posttest probability of greater than 99.9%
(solid line). The negative likelihood ratio of 0.18 for
thigh angular velocity during the single-limb loading
test is indicated, along with the posttest probability
of 38% (dashed line). This nomogram illustrates
the usefulness of thigh angular velocity ratios to
effectively diagnose asymmetrical or symmetrical
knee loading. Adapted with permission from Fagan.?
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confirmed as asymmetrical with knee
power measurements. The negative pre-
dictive value indicates that 62.5% of the
participants with symmetrical knee load-
ing using thigh angular velocity measure-
ments were symmetrical in knee power.
Furthermore, given that the positive like-
lihood ratio was calculated as infinite,
posttest probability analysis indicates
that if an individual has a between-limb
thigh angular velocity ratio derived from
inertial sensors less than or equal to 0.81,
indicating asymmetry, then the individual
is highly likely to have asymmetrical knee
power and, subsequently, less power in
the reconstructed knee (FIGURE 4). With a
negative likelihood ratio of 0.188, the post-
test probability analysis indicates that if
an individual has a between-limb angular
velocity ratio greater than 0.81, indicating
symmetry, then there is only a 38% prob-
ability that the individual actually has
asymmetrical knee power (FIGURE 4).

These findings are promising, as they
demonstrate a strong potential for using
inertial-sensor measurements to quantify
knee loading asymmetries in the clinic.
However, caution should be taken when
using the results of this test for clinical
decision making, given the 38% prob-
ability that this test may not capture
knee power asymmetry. Moreover, clini-
cians should consider the results of this
test only in the context of other clinical
benchmarks when making decisions for
return to play. As inertial-sensor tech-
nology continues to advance, the ability
to detect asymmetries without complex
analyses continues to improve.®1%26

The implications of these findings are
exciting, as they establish procedures for
examining dynamic knee loading in the
clinic using inertial sensors. While pre-
vious studies determined that segment
angular velocities measured with inertial
sensors can provide objective informa-
tion regarding movement quality'®*° in
individuals following ACLR, this is the
first study to translate these findings for
use in a clinical setting. The strong rela-
tionship between thigh angular velocity
and knee power absorption is driven by

| RESEARCH REPORT ]

the fact that power is the product of knee
angular velocity and net joint moment.
Further work is needed to determine the
strength of predicting knee extensor mo-
ments using outputs from inertial mea-
surement units.

A need for more objective informa-
tion regarding joint mechanics in clini-
cal decision making is underscored by
the inability of current functional testing
to quantify mechanical deficits."'” Inter-
pretation of current functional assess-
ments, including distance hopped or time
to task completion, provides no specific
assessment of knee joint function. Fur-
thermore, completion of such tasks can
be accomplished with compensatory pat-
terns that increase the demands on the
hip and ankle to accomplish the overall
goal."”?* The current testing procedure
provides information specific to the knee
during a functional SLL task.

The procedures established in this
study are particularly suited to detect
the early dynamic loading deficits pres-
ent when patients are progressing to
running.?’ Identification of decreased
knee power and angular velocity may
be most important at this time, as run-
ning is typically one of the first dynamic
tasks introduced during rehabilitation.
The SLL task used in the current study
is appropriate for assessment of dynamic
loading deficits at this point because it re-
quires rapid deceleration and high knee
angular velocities, but with much smaller
demands with respect to the magnitude
of loading when compared to running.*
The previously established relationship
between knee power asymmetries dur-
ing this single-limb task and running
suggests that there may be some value in
using this test to determine readiness to
initiate running.

While only the clinical accuracy of
identifying knee power asymmetries larg-
er than 15% was established, the strong
relationship between angular velocity
and power ratios suggests that the angu-
lar velocity ratio may be able to provide a
reasonable estimation of knee power ra-
tio using the prediction equation (FIGURE

3). Findings from this study indicate that
the SLL task and internal sensors can be
used together to detect dynamic knee
loading asymmetries, specifically knee
power absorption, with high sensitivity
and specificity in individuals following
ACLR.

Study Limitations

The current study has several limita-
tions. The participants included in this
study represent a relatively small sample
size of somewhat homogeneous patients,
and this study included relatively few
people with true negatives (symmetrical
knee power). The current testing para-
digm can only be applied to individu-
als 4 to 6 months post surgery who are
progressing to running. Further work is
needed to establish the diagnostic accu-
racy of such testing in a greater number
of individuals during other phases of re-
habilitation with more symmetrical knee
power.

Moreover, it cannot be assumed that
these analyses translate broadly to tasks
other than the SLL task and the proce-
dures described here. Future studies are
needed to determine the value of such
analyses across other dynamic tasks, such
as running, cutting, or landing. Inertial
sensors used in this study, while less ex-
pensive than traditional motion capture,
still require a computer and expertise to
operate. As clinician-friendly technology
develops, similar testing paradigms may
be used to further establish diagnostic ac-
curacy in quantifying dynamic knee load-
ing asymmetries.

It is also important to note that in-
ertial sensors in this study were placed
on marker clusters; therefore, when
translating this testing paradigm to the
clinic, similar procedures should be used,
and further work is needed to establish
validity of measurements without the
marker cluster plates. While the current
study suggests a mechanism for identi-
fying knee power asymmetries following
ACLR, future studies identifying thera-
peutic interventions aimed at improving
these loading deficits are needed.
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CONCLUSION

NERTIAL-SENSOR MEASUREMENTS CAN

detect dynamic knee loading asym-

metries in individuals following ACLR
with high sensitivity and specificity, spe-
cifically during the SLL task used in this
study. Clinical quantification of dynamic
knee loading asymmetries may help di-
rect rehabilitation programs to mitigate
the persistence of dynamic knee loading
deficits. These findings set the founda-
tion for using inertial sensors to quantify
movement in the clinic in individuals
following ACLR and in the absence of
marker-based motion analysis. ®

EEKEY POINTS

FINDINGS: Inertial-sensor measurements
can detect dynamic knee loading asym-
metries in individuals following anterior
cruciate ligament reconstruction with
high sensitivity and specificity.
IMPLICATIONS: Inertial sensors may be
used for quantification of dynamic knee
loading asymmetries in the clinic and
may help direct rehabilitation programs
to mitigate the persistence of dynamic
knee loading deficits.

CAUTION: The results of this study can
only be applied to individuals 4 to 6
months following anterior cruciate liga-
ment reconstruction who are beginning
to run again after surgery. Further work
is needed to establish the diagnostic
accuracy of such testing during other
dynamic tasks and time points following
surgery to allow for a broader applica-
tion of these technologies.
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The Utilization of Formal Physical
Therapy After Shoulder Arthroplasty

hysical rehabilitation has traditionally been thought to be a
critical part of recovery after shoulder surgery. Although formal
comparative studies have not been performed, structured
programs by professional therapists may help to guide patients

through the various recovery periods,
speed up their recovery, and improve
functional outcomes. A recent study per-
formed by Arshi et al' described the utili-

zation and costs of postoperative physical
rehabilitation after rotator cuff repair,
comparing patients with private insur-
ance and those with Medicare. Their re-

©BACKGROUND: It is widely believed that
structured rehabilitation programs by professional
therapists help guide patients through the various
recovery periods after shoulder arthroplasty,
speeding up their recovery and improving their
final functional gains. However, to our knowledge,
there are no studies providing information about
the current state of physical rehabilitation use after
shoulder arthroplasty.

© OBJECTIVES: To describe the variation in
physical rehabilitation utilization after total
shoulder arthroplasty (TSA) and reverse shoulder
arthroplasty (RSA), and to identify differences

in utilization based on type of insurance (private
versus public), sex, age, and region of the country.

©METHODS: This epidemiological retrospective
database study utilized a commercially available
database, PearlDiver, with longitudinal patient
tracking linking all patients’ Current Procedural
Terminology and International Classification of
Diseases-Ninth Revision codes to their specific
records to analyze patterns of physical rehabilita-
tion usage after TSA and RSA in the United States.
Two main patient populations were analyzed within
the PearlDiver database, the Humana private
insurance population and the Medicare insurance
population. The period analyzed was 2010 to 2015.

© RESULTS: There was significantly higher
utilization of physical rehabilitation in the Humana

population when compared to the Medicare
population (P<.001, Cramer's V = 0.270). In the
Humana population, 36% of patients had 5 or
fewer physical rehabilitation visits in the 6 months
following their operation, while in the Medicare
population, 56% of patients had 5 or fewer physi-
cal rehabilitation visits in the same period. Those
with TSA had a higher utilization rate than those
with RSA in the Humana (P<.001, V = 0.104; TSA,
31% had 5 or fewer physical rehabilitation visits;
RSA, 40% had 5 or fewer physical rehabilitation
visits within 6 months) and Medicare populations
(P<.001, V = 0.135; TSA, 51% had 5 or fewer physi-
cal rehabilitation visits; RSA, 61% had 5 or fewer
physical rehabilitation visits within 6 months).

© CONCLUSION: Postoperative utilization of
physical rehabilitation after anatomic TSA and RSA
is markedly higher in privately insured patients
than in patients with Medicare, regardless of age,
sex, diagnosis, or region of country. These findings
have important implications, from the individual
patient’s experience and outcomes to system-wide
resource utilization.

@©LEVEL OF EVIDENCE: Economic and
decision analyses, level 4. J Orthop Sports Phys
Ther 2018;48(11):856-863. Epub 8 May 2018.
doi:10.251%]jospt.2018.8176

@ KEY WORDS: physical therapy, reverse total
shoulder, surgical rehabilitation, total shoulder

sults indicated that a significant number
of patients who underwent rotator cuff
repair did not utilize physical rehabili-
tation postoperatively, but, of those who
used physical rehabilitation, utilization
rates were higher in the private insur-
ance population compared to those with
Medicare. The authors point out that, al-
though postoperative physical rehabilita-
tion is widely considered very important
to recovery, frequency and overall length
of utilization vary widely. There is a grow-
ing belief among orthopaedic providers
that how much formal physical rehabili-
tation a patient receives is influenced by
the patient’s insurance and its willingness
to pay for various postoperative therapies.

Regarding shoulder arthroplasty, there
remains a lack of information regarding
the role of physical rehabilitation in the
primary and revision settings. To our
knowledge, there are no studies provid-
ing information about the current state of
usage of formal physical rehabilitation af-
ter shoulder arthroplasty. A recent study
by Mulieri et al** challenged the need for
formal physical rehabilitation after ana-
tomic total shoulder arthroplasty (TSA),
finding that a home-based, physician-
guided therapy program provided simi-
lar results with lower costs. Despite this,
there remain few studies examining the
role of physical rehabilitation, utilization
rates, and variables that influence the
utilization of physical rehabilitation after
shoulder arthroplasty.

Boston Shoulder Institute, Brigham and Women’s Hospital, Boston, MA. 2Arthrex, Inc, Naples, FL. This study was exempt from Institutional Review Board review because it
utilized a Health Insurance Portability and Accountability Act-compliant, commercially available database with no identifiable private information available on patients. There
was no external funding for this study. Dr Higgins was a staff member at Brigham and Women'’s Hospital during the course of the study and peer-review process. The authors
certify that they have no affiliations with or financial involvement in any organization or entity with a direct financial interest in the subject matter or materials discussed in the
article. Address correspondence to Dr Laurence D. Higgins, Arthrex, Inc, 1370 Creekside Boulevard, Naples, FL 34108-1945. E-mail: Laurence.Higgins@Arthrex.com @ Copyright
©2018 Journal of Orthopaedic & Sports Physical Therapy®
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The purpose of this study was to assess
the variation in usage of formal physical
rehabilitation in patients with private
insurance and those with Medicare. The
usage of the term formal indicates that
we cannot track the usage of self-directed
or “at-home” physical rehabilitation fol-
lowing surgery. Our hypothesis was that
utilization would be standardized, with
no differences between factors, including
insurance type, geographical region, age
of patient, sex of patient, type of surgery
(reverse shoulder arthroplasty [RSA]
versus anatomic TSA), and diagnosis.

METHODS

E PERFORMED A REVIEW OF THE

PearlDiver patient record data-

base (PearlDiver Inc, Colorado
Springs, CO), focusing on all patients
who underwent an anatomic TSA or
RSA. The PearlDiver database is a com-
mercially available database with insur-
ance records of orthopaedic patients,
including 20.9 million covered lives in
Humana (Humana Inc, Louisville, KY)
and a 5% sampling file of the Medicare
population. Both Humana and the Medi-
care 5% sampling file (of the 51 million
covered lives in Medicare) contain all in-
patient, outpatient, and physician office
records. This Health Insurance Porta-
bility and Accountability Act of 1996-
compliant database can be searched by
Current Procedural Terminology (CPT)
codes and International Classification of
Diseases-Ninth Revision (ICD-9) proce-
dure and diagnosis codes. Longitudinal
patient tracking is available in the Pearl-
Diver database, and every patient’s CPT
and ICD-9 codes are linked. Two main
patient populations were analyzed with-
in the PearlDiver database, the Humana
private insurance population and the
Medicare insurance population.

Patient, Procedure, and

Rehabilitation Query

For our study, both database populations
were searched for individuals who had
undergone either anatomic TSA as ICD-

9 procedure code 8180 or RSA as ICD-9
procedure code 8188. Patients were eligi-
ble for inclusion in the study only if they
were active in the database for at least 1
year following the shoulder replacement,
to ensure that patients did not switch in-
surance. We used procedures from 2010
to 2015. These dates were chosen because
RSA became its own code in 2010 and
2015 was the last year in which ICD-9
codes were regularly used. Therefore, to
be included, patients must have under-
gone a TSA or RSA between 2010 and
2015, using an ICD-9 procedure code.
Since the transition to the International
Classification of Diseases-10th Revi-
sion (ICD-10) began in October 2015,
there are patients who underwent these
surgeries in 2015 and were coded with
an ICD-10 code. These patients are not
included in this study. The distinction
between different implant types (reverse
versus total) is important to account for
variations that naturally arise due to dif-
ferent patient pathologies in postopera-
tive protocols, as the procedures are not
interchangeable. Factors we collected in
addition to procedure type and number
of physical rehabilitation visits included
sex, age, diagnosis, and region of the
country. Sex was reported as male and
female, and age was reported as 5-year
intervals (standard in database). Regions
of the country were categorized into
Midwest, Northeast, South, and West
per the US Census Bureau definition
of these regions. Data were unavailable
for analysis when there were fewer than
11 patients in a subset, as PearlDiver is
unable to give specific numbers when a
patient subset has fewer than 11 patients,
per the Health Insurance Portability and
Accountability Act of 1996 compliance to
protect patient privacy. This is the estab-
lished database standard. Preoperative
diagnosis was evaluated as a factor, as
different diagnoses might lead to signifi-
cantly different postoperative protocols
and therefore could significantly influ-
ence physical rehabilitation utilization.
Diagnoses for RSA included osteoarthri-
tis, rotator cuff pathology, fracture, and

other, while those for TSA were broken
down into osteoarthritis, fracture, and
other. Different diagnoses were queried
for RSA versus TSA due to the differing
indications for the surgeries. The “other”
category of diagnosis included any vari-
able without sufficient numbers to be its
own category, including inflammatory
arthritis, posttraumatic etiology, septic
arthritis, tumor, pathological dislocation,
infection, avascular necrosis, and insta-
bility. We first isolated every diagnosis
category separately, but combined all of
those with insufficient numbers in the
database into the “other” category.
Physical rehabilitation visits were
tracked for the 6 months immediately
following patients’ replacement surger-
ies, starting with tracking on day 1 after
surgery. The follow-up period extends 6
months after the surgery and therefore
extends into 2016 for some included pa-
tients. Because the physical rehabilita-
tion visits were tracked with CPT codes,
the switch to ICD-10 did not affect this
tracking. There was no information on
physician prescriptions for physical re-
habilitation, specific physician reha-
bilitation protocols, or the frequency of
home physical rehabilitation programs.
Physical rehabilitation visits were identi-
fied by having one of any of an exhaus-
tive list of physical rehabilitation visit
codes. The list of physical rehabilitation
codes was reviewed by 2 physical thera-
pists to ensure that all appropriate CPT
codes were included. The term physical
rehabilitation is used instead of physical
therapy because other providers, such as
occupational therapists, may use these
CPT codes. Therefore, the authors feel it
is most accurate to describe these visits
broadly, as physical rehabilitation visits.
Any day in the record that a patient had 1
or more of the physical rehabilitation CPT
codes billed was counted as 1 visit. The
physical rehabilitation utilization groups
were broken down into 5-visit intervals to
make it easy to comprehend and analyze
postoperative rehabilitation visits. The
best interval size was based on the expert
opinion of 2 board-certified orthopaedic
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surgeons, the first and senior authors, as
the best way to group clinically relevant
numbers of postoperative visits.

All CPT and ICD-9 codes used in
searching the PearlDiver database for
this study are summarized in APPENDIX A
(available at www.jospt.org).

Statistical Analysis

Descriptive statistics were utilized, cat-
egorizing physical rehabilitation visits
in specific groups for the analysis. A chi-
square test of independence was utilized
to compare the distribution of physical
rehabilitation visits, into the catego-
ries of O physical rehabilitation visits, 1
to 5 visits, 6 to 10 visits, 11 to 15 visits,
16 to 20 visits, 21 to 25 visits, 26 to 30
visits, and greater than 30 visits within
6 months after the patient’s shoulder re-
placement, between specific groups or
by certain variables. The null hypothesis
was that the distribution of physical re-
habilitation visits would be independent
of the variable being compared. The
primary categorization compared was
type of insurance: Humana (private in-
surance) versus Medicare (public insur-
ance). Type of replacement (TSA versus
RSA), sex, age, category of diagnosis, and
region of the country were also investi-
gated to see whether the distribution of
physical rehabilitation visits depended
on these categorizations. The alpha level
was set at .05, and therefore a P value of
less than .05 was considered statistically
significant.

Cramer’s V is a measure of the strength
of association for the chi-square test of in-
dependence. In terms of this test, it mea-
sures how meaningful the differences are
between the samples being compared;
the Cramer’s V value is reported for all
significant chi-square test of indepen-
dence results. Cramer’s V is calculated by
the square root of the chi-square value
over the number of observations (n) for
that cohort. As the chi-square test of in-
dependence is sensitive to sample size,
it is especially important to include a
measure of the strength of association/
effect size.”> Cramer’s V is generalizable

| RESEARCH REPORT ]

across contingency tables of varying size;
in other words, Cramer’s V allows us to
compare the strength of association from
one variable to another when sample sizes
are different. Cramer’s V values and their
classification as insubstantial, small, me-
dium, or large are displayed in TABLE 1.1
It is important to note that if Cramer’s V
is less than 0.10, then the difference be-
tween the samples is insubstantial.

RESULTS

Patient Population and Demographics

N TOTAL, THE STUDY INCLUDED 16 507
I patients who had undergone either

a TSA or RSA and were active in the
database at least 1 year after their opera-
tion. The breakdown of operations and
demographics is summarized in TABLE 2.
Physical rehabilitation utilization was

CRAMER’S V AND EFFECT S1ZE

TABLE 1

Cramer’s V Value Effect Size
<010 Insubstantial
0.10-0.29 Small
0.30-049 Medium
>0.50 Large

DEMOGRAPHICS*

TABLE 2

e e

Variable TSA RSA TSA RSA
All patients 5041 (48) 5374 (52) 3268 (54) 2824 (46)
Sex
Male 2233 (44) 1908 (36) 1353 (41) 952 (34)
Female 2808 (56) 3466 (64) 1915 (59) 1872 (66)
Region
Midwest 1524 (30) 1486 (28) 949 (29) 863 (31)
Northeast 143(3) 145(3) 463 (14) 325(12)
South 2732 (54) 3141 (%9) 1235(38) 1154 (41)
West 642 (13) 592 (1) 621(19) 482 (17)
Age,y
<65 930 (18) 598 (11) 318 (10) 210(7)
65-69 1197 (24) 974 (18) 850 (26) 484 (17)
7074 1377 (27) 1388 (26) 823 (25) 669 (24)
7579 923(18) 1264 (24) 721(22) 698 (25)
80-84 457 (9) 784 (15) 416 (13) 509 (18)
>85 157 (3) 366 (7) 140 (4) 254 (9)
Diagnosist
Osteoarthritis 4817 3781 2839 1308
Rotator cuff NA 1678 NA 560
Fracture 104 927 60 336
Other 147 370 375 654

Abbreviations: NA, not applicable; RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty.
*Values are n or n (percent).

"Diagnoses do not add up to the total number of patients because there are some patients who have 2
primary diagnoses on the day of surgery.
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analyzed for the 6 months after TSA or
RSA and broken down by insurance type,
sex, region of country, age, and diagno-
sis (APPENDICES B and C, available at www.
jospt.org). In general, the Humana co-
hort had higher overall physical rehabili-
tation utilization than did the Medicare
population across all factors.

Insurance Type

The Humana patient population had a
significantly higher overall rate of post-
operative physical rehabilitation utili-
zation when compared to the Medicare
population (P<.001, Cramer’s V = 0.270)
(FIGURES 1A through 1C). The Humana
and Medicare populations had a simi-
lar percentage of patients with O visits
(23% and 22%, respectively), but the
Medicare population had a strikingly
larger percentage of patients with only
1 to 5 visits (34% in Medicare versus
12% in Humana). The Humana popula-
tion had a higher percentage of patients
in all visit categories above 1 to 5 visits
(FIGURE 1A).

Type of Replacement

Those with TSA had a higher physi-
cal rehabilitation utilization rate than
those with RSA in the Humana (P<.001,
V = 0.104) and Medicare populations
(P<.001, V = 0.135) (FIGURE 2). FIGURES
2A and 2B highlight that a significantly
larger percentage of patients with RSA
had 0 visits following surgery in both the

Humana and Medicare populations (27%
in Humana and 27% in Medicare) com-
pared to those with TSA (19% in Humana
and 17% in Medicare).

Sex

Differences in the distribution of physical
rehabilitation visits between sexes were
found to be of insubstantial strength
(V<0.100 in all cases).

Region

One variable that had impact on postop-
erative physical rehabilitation utilization
was region of the country. When compar-
ing across all 4 regions (Midwest, North-
east, South, West), larger magnitudes of
difference were seen in physical rehabili-
tation utilization in the Medicare popu-

lation than in the Humana population
(Medicare RSA: P<.001,V = 0.183; Medi-
care TSA: P<.001, V = 0.190; Humana
RSA: P<.001, V = 0.112; Humana TSA:
P<.001,V =0.098). The differences of the
greatest magnitudes in distributions were
between the Midwest and the Northeast
(TSA,V =0.189; RSA, V = 0.196) and the
Midwest and the West (TSA, V = 0.192;
RSA, V =0.196) in both the TSA and RSA
Medicare populations, with the Midwest
having significantly less physical rehabili-
tation utilization, which is best demon-
strated by 69% of patients in the Midwest
undergoing only 5 or fewer physical re-
habilitation visits, compared to only 54%
of patients in the Northeast and 53% of
patients in the West within the Medicare
population (FIGURES 3A and 3B).
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FIGURE 2. (A) A comparison of the number of physical rehabilitation visits, comparing all patients who underwent
TSA in the Humana data set to all patients who underwent RSA in the Humana data set. (B) A comparison of the
number of physical rehabilitation visits, comparing all patients who underwent TSA in the Medicare data set to all
patients who underwent RSA in the Medicare data set. Abbreviations: RSA, reverse shoulder arthroplasty; TSA,
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FIGURE 1. (A) A comparison of the number of physical rehabilitation visits, comparing all patients who underwent TSA or RSA in the Humana data set to all patients who
underwent TSA or RSA in the Medicare data set. (B) A comparison of the number of physical rehabilitation visits, comparing all patients who underwent TSA in the Humana
data set to all patients who underwent TSA in the Medicare data set. (C) A comparison of the number of physical rehabilitation visits, comparing all patients who underwent
RSA in the Humana data set to all patients who underwent RSA in the Medicare data set. Abbreviations: RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty.
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Age

With regard to age in the TSA Medicare
population, patients who were younger
than 65 years of age had lower utiliza-
tion rates when compared to those 65
to 69 years (P<.001, V = 0.198), 70 to
74 years (P<.001, V = 0.193), and 75 to
79 years (P<.001, V = 0.180) of age. Fur-
thermore, patients older than 80 years of
age also had lower utilization rates when
compared to patients who were 65 to 69
years (P<.001, V = 0.155), 70 to 74 years
(P<.001, V = 0.146), and 75 to 79 years
(P =.004, V = 0.129) of age. Similar ob-
servations were seen in the TSA Humana
population, but the Cramer’s V correla-
tions were much lower, as the differences
between age groups were much less pro-
nounced and did not have meaningful
magnitudes overall. In the RSA Humana
population, the trend was similar to that
in the TSA population. The differences
seen between ages in the RSA Humana
population, like the TSA Humana popu-
lation, were very weak overall. There were
no significant differences in comparing
the groups of 65 to 69, 70 to 74, and 75 to
79 years of age in any of the populations
(TSA Medicare, P = .864; RSA Medicare,
P = .918; TSA Humana, P = .782; RSA
Humana, P = .196).

Diagnosis

Diagnosis alone did not have a significant
impact on physical rehabilitation utili-
zation rates. However, when separating

| RESEARCH REPORT ]

those with osteoarthritis, there was still a
higher utilization in those with Humana
insurance (P<.001, V = 0.264) (FIGURE 4)
and those who underwent a TSA com-
pared to an RSA (Medicare: P<.001,V =
0.116; Humana: P<.001, V = 0.098). The
strength of the differences (the TSA pop-
ulation having less physical rehabilitation
utilization) was meaningful in the Medi-
care population, but not in the Humana
population. Furthermore, within the RSAs
performed for rotator cuff pathologies,
there was a higher utilization in the Hu-
mana population compared to Medicare
(P<.001, V = 0.259), and the difference
was of similar strength to the difference
in utilization between the overall Huma-
na and Medicare study populations (V =
0.259 for RSA for rotator cuff pathology,
V = 0.270 for overall study population).

DISCUSSION

HE NUMBER OF TSAS PERFORMED IN

the United States has risen at an

exponential rate, increasing 246%
from 1999 to 2008," a rate that is almost
double the rise in total knee arthroplas-
ty (185%) over the same period.” This
prevalence of shoulder arthroplasties is
projected to continue to rise at a simi-
lar rate in the future.®* The marked vari-
ability in health care utilization within
the United States is a problem, as it is a
large driver behind the increasing costs
and variability in outcomes after various
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FIGURE 3. (A) A comparison of the number of physical rehabilitation visits, comparing all patients in 4 different
regions (Midwest, Northeast, South, and West) who underwent total shoulder arthroplasty. (B) A comparison of the
number of physical rehabilitation visits, comparing all patients in 4 different regions (Midwest, Northeast, South,
and West) who underwent reverse shoulder arthroplasty.
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procedures.®? Despite the idea that physi-
cal rehabilitation is part of the postopera-
tive protocol endorsed by most surgeons,
there is very little information on the uti-
lization rates of physical rehabilitation af-
ter RSA or TSA. Therefore, the purpose
of this study was to assess the variation
in usage of physical rehabilitation after
shoulder arthroplasty, examining the ef-
fects of many factors on the utilization of
formal physical rehabilitation.

The results of this study suggest that
there was marked variation in the use
of formal physical rehabilitation after
shoulder arthroplasty. Utilization rates
were higher in the Humana than in the
Medicare population after both anatomic
TSA and RSA. Although insurance status
exhibited the most striking differences,
patients with anatomic TSA had higher
rates of postoperative physical rehabili-
tation utilization than patients with RSA
within both insurance samples. Interest-
ingly, even when looking at the subset of
patients for whom arthritis was the pre-
operative diagnosis associated with re-
placement in both RSA and TSA, patients
with TSA still had higher utilization rates
of postoperative physical rehabilitation.
The other factor that impacted postop-
erative physical rehabilitation utilization
was geographical region, as patients in
the Midwest had lower rates than those in
the West and Northeast. Sex and diagno-
sis did not impact utilization. Differences
in physical rehabilitation utilization were

Patients, %
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FIGURE 4. A comparison of the number of physical
rehabilitation visits, comparing all patients who under-
went TSA for the primary diagnosis of osteoarthritis
in the Humana data set to all patients who underwent
TSA for the same diagnosis in the Medicare data set.
Abbreviation: TSA, total shoulder arthroplasty.
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significant between those younger than
65 years or older than 80 years and the
age groups of 65 to 69, 70 to 74, and 75
to 79 years of age; however, these differ-
ences only had a remarkable effect size in
the TSA Medicare population.

Studies have estimated that over 65
000 shoulder arthroplasties were per-
formed within the United States in 2011,%
arise of over 250% from 1999," with esti-
mates for a continued and potentially even
greater rise into the future.” Formal post-
operative rehabilitation remains the stan-
dard of care in most surgeons’ practices,
yet the number of visits varies tremen-
dously between providers, hospitals, and
patients. Understanding the role of formal
rehabilitation gives the basis to begin de-
veloping a more standardized and stream-
lined approach, which would potentially
provide significantly more cost-effective
care to patients across the spectrum.®’
The findings in this study demonstrate
that variations are not solely dependent on
specific practice locations, but that insur-
ance status and type of arthroplasty (TSA
versus RSA) also play a role in the amount
of postoperative physical rehabilitation a
patient receives. These variations will be
critical to understand and consider as fu-
ture studies evaluate the role of physical
rehabilitation.

Like the findings of Arshi et al' in
physical rehabilitation usage after rotator
cuff surgery, the private Humana popu-
lation had a significantly higher physical
rehabilitation utilization rate than the
Medicare population. These differences
were likely not due to demographics, as
the 2 insurance populations had compa-
rable age, sex, and diagnosis. The only
notable difference was that the Medicare
population had a higher percentage of
patients from the Northeast. But, given
the regional variation we identified, this
would not have contributed to lower uti-
lization in the Medicare population (TABLE
2). Furthermore, there were higher utili-
zation rates in the Humana population
when subgrouping by each of these fac-
tors in both patients with RSA and those
with TSA (APPENDICES B and C). These

findings confirm that a patient’s insur-
ance status plays a critical role in both
the patient’s and surgeon’s postoperative
decision-making thought process, poten-
tially having an important impact on fu-
ture attempts at protocol standardization.

One interesting finding in this study
was the increased utilization after TSA
compared to RSA. Furthermore, this
difference was seen in both Humana
and Medicare populations, as well as in
those with a diagnosis of osteoarthritis.
Although this study was not designed
to answer the reasons underlying these
differences, there are multiple possible
explanations for this difference. It is pos-
sible that both patients and surgeons
have more aggressive expectations af-
ter TSA regarding motion and ultimate
shoulder function, given the historical
notion that RSA is a salvage procedure.
However, many recent studies have dem-
onstrated very good motion and shoulder
function in specific patient populations
after RSA,*71>17 potentially challenging
the idea that rehabilitation goals after
TSA should exceed those after RSA. An-
other possible explanation could be the
assumption that patients undergoing
TSA are generally younger and/or health-
ier than those undergoing RSA, possibly
leading to a higher rate of physical re-
habilitation utilization. Younger and/or
healthier patients may have a higher rate
of formal physical rehabilitation utiliza-
tion for multiple reasons. For example,
they are less likely to be homebound
or have trouble getting to and from ap-
pointments, they are more likely to have
aggressive goals about regaining motion
and strength, and they are less likely to
be injured or have complications from
more aggressive physical rehabilitation
programs. However, the median age for
the TSA and RSA populations was com-
parable in the Humana (70-74 years in
each) and Medicare (70-74 years in TSA
versus 75-79 years in RSA) populations.
Furthermore, in our study, younger pa-
tients (younger than 65 years of age) ac-
tually had lower utilization rates, while
there were no differences when compar-

ing age groups within the age range of 65
to 79 years.

An unexpected finding in the study
was the regional variability, with lower
utilization rates in the Midwest region of
the United States when compared to the
Northeast and the West. It is difficult to
explain this finding without more specific
analyses into surgeon and patient views
on postoperative rehabilitation within
this and the other regions, as well as into
any regional differences in functional
outcomes. There is a body of research in
the literature about significant regional
variation in surgical rates and the multi-
tude of influences that might cause this;
however, further discussion is beyond
the scope of this work.>>!618 However,
the other factors we examined, includ-
ing sex and diagnosis, did not impact
physical rehabilitation utilization. The
lower utilization rates in patients younger
than 65 years and older than 80 years of
age in the Medicare subgroup are likely
multifactorial, with factors such as im-
plied health and associated activity level
playing a part in the decision to undergo
formal physical rehabilitation. Alterna-
tively, the minimal differences between
patients 65 to 79 years of age, as well as
between all age groups in the Humana
population, demonstrated that for the
most part, surgeons and patients do not
consider a patient’s age, and potentially
their implied activity level, as a primary
determining factor in the need for formal
rehabilitation.

The possibility of patient-directed re-
habilitation at home having equivalent
outcomes to formal office-based physical
rehabilitation was brought to the fore-
front after Mulieri et al* demonstrated
equivalent outcomes after TSA when
comparing the 2 therapy programs.
Future investigation into the impact of
rehabilitation on functional outcomes
and complications after shoulder arthro-
plasty is critical to direct future efforts to
standardize postoperative recovery pro-
tocols. In these analyses, it will be impor-
tant to consider and further investigate
the etiologies behind differences based
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on insurance status, procedure type, and
regional variations. This has the poten-
tial to not only impact individual pa-
tient outcomes and experiences but also
have a systemwide impact on resource
utilization, as well as on time and cost
optimization.

These conclusions should only be
considered in light of certain limitations.
The nature of a large database prevents a
comprehensive, detailed analysis of spe-
cific variables or outcomes, as would be
possible in smaller, retrospective, single-
institution reviews. Furthermore, the da-
tabase is searched using CPT codes and
ICD-9 codes, which means it is reliant on
the accuracy of coding for its conclusions.
Additionally, as differentiating physical
rehabilitation visits related to the ar-
throplasty from potentially nonrelated
visits is not possible, we used a 6-month
postoperative cutoff, with the goal being
to isolate visits that were related to the
shoulder arthroplasty. We cannot be com-
pletely sure, however, that every visit an-
alyzed here was related to this operative
procedure. As stated in the Methods sec-
tion, there is no information on physician
prescriptions for physical rehabilitation,
and we are not able to assess socioeco-
nomic levels and the effect that ability
to pay has upon participation in physical
rehabilitation. Finally, the database does
not provide information on functional
outcomes, making postoperative outcome
analysis difficult. However, the advantage
of this study design involves the large,
multicenter database that spans multiple
regions of the United States, with a great
diversity of centers, surgeons, and pa-
tients included in the analysis. The 16 507
patients included in this study represent
a sample size that very few other studies
on shoulder arthroplasty can include and
help to ensure that the findings are not
influenced by outliers.

CONCLUSION

OSTOPERATIVE UTILIZATION OF
physical rehabilitation after TSA
and RSA is markedly higher in pa-

| RESEARCH REPORT ]

tients with private insurance than in
patients with Medicare, regardless of
age, sex, diagnosis, or region of country.
Physical rehabilitation utilization was
also increased in patients undergoing
anatomic TSA compared to RSA, while
it was decreased in patients living in
the Midwest region of the United States
when compared to the Northeast and
West regions. Physical rehabilitation us-
age had only slight differences among age
groups, and did not significantly vary be-
tween sex and diagnosis. These variations
in physical rehabilitation utilization rates
are important to consider during future
evaluations attempting to elicit the role of
rehabilitation after shoulder arthroplasty.
These findings have important implica-
tions, from the individual patient’s ex-
perience and outcomes to systemwide
resource utilization. ®

IKEY POINTS

FINDINGS: There was significantly higher
utilization of physical rehabilitation

in the 6 months after total shoulder
arthroplasty and reverse shoulder ar-
throplasty in the Humana insurance
population when compared to the
Medicare insurance population. There
was also significant variation between
regions of the country in utilization of
physical rehabilitation in the 6 months
after total shoulder arthroplasty and re-
verse shoulder arthroplasty.
IMPLICATIONS: These variations in physical
rehabilitation utilization rates are im-
portant to consider during future evalu-
ations attempting to elicit the role of
rehabilitation after shoulder arthroplas-
ty. These findings have important im-
plications, from the individual patient’s
experience and outcomes to systemwide
resource utilization.

CAUTION: The database used for this study
is searched using Current Procedural
Terminology codes and International
Classification of Diseases-Ninth Revision
codes, which means it is reliant on the
accuracy of coding for its conclusions.
Additionally, we were not able to assess
socioeconomic levels with this database,

and therefore cannot isolate the effect
that ability to pay has upon participation
in formal physical rehabilitation.
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APPENDIX A

CODES UTILIZED
Code

Total shoulder arthroplasty procedure ICD-9 procedure code 8180

Reverse shoulder arthroplasty procedure ICD-9 procedure code 8188

Physical therapy codes (all CPT codes) 97001, 97002, 97010, 97011, 97012, 97013, 97014, 97015, 97016, 97017, 97018, 97019, 97020, 97021, 97022, 97023,
97024, 97025, 97026, 97027, 97028, 97032, 97035, 97039, 97110, 97112, 97113, 97140, 97530, 97535

Osteoarthritis diagnosis (all ICD-9 diagnosis codes) 71511, 71521, 71531, 71591

Rotator cuff pathology diagnosis (all ICD-9 diagnosis codes) 72610, 72613, 72761, 8404

Fracture diagnosis (all ICD-9 diagnosis codes) 81200, 81201, 81202, 81203, 81209, 81210, 81211, 81212, 81213, 81219, 81220, 81230, 82309

Other (all ICD-9 diagnosis codes) 7140, 71931, 7144, 71111, 71121, 71131, 71621, 71631, 73311, 71821, 71101, 71141, 71151, 71161, 71171, 71181, 71191, 9123,
71601, 73001, 73011, 73021, 73031, 73081, 73091, 73349, 73341, 71611, 71831, 83100, 83109, 83110, 83119, 71801,
73071, 71871, 7260, 92300, 92309, 92700, 92709

Abbreviations: CPT, Current Procedural Terminology; ICD-9, International Classification of Diseases-Ninth Revision.
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APPENDIX B

PHYSICAL REHABILITATION USAGE BREAKDOWN (REVERSE SHOULDER ARTHROPLASTY)*
| ouisis | 1-svisis || covists | utsvists || 16-20visits | 2125 vists | 2630 visits | 30vists
Variable M H M H M H M H M H M H M H M H
Sex
Male 25 26 35 13 10 14 8 15 7 1 7 8 3 5 5 7
Female 28 28 34 13 il 1 7 13 8 12 4 9 4 6 4 8
Region
Midwest 25 25 42 15 12 13 7 16 5 12 4 9 2 5 3 6
Northeast 23 27 30 14 10 8 7 6 9 1 7 10 6 8 8 15
South 3l 29 32 12 10 12 6 13 8 12 4 8 4 6 5 9
West 21 25 30 15 il 14 il 17 10 13 8 8 4 5 5 4
Age,y
<65 37 32 85 16 10 13 <5 10 6 10 <5 7 <5 6 <5 7
65-69 25 24 35 12 10 1 9 15 7 12 5 10 5 6 5 9
70-74 25 24 35 13 12 13 6 15 7 12 5 9 5 6 5 9
7579 25 27 34 1 10 13 7 15 9 14 6 8 4 6 5 6
>80 28 32 34 14 10 1 9 13 7 10 5 7 2 5 4 7
Diagnosis
Osteoarthritis 24 26 35 13 il 13 9 15 9 12 5 9 4 6 4 7
Rotator cuff 25 29 34 12 13 12 7 15 6 12 7 9 4 6 4 6
Fracture 32 27 34 12 8 10 6 13 6 1 4 9 5 7 4 1
Other 3l 34 34 14 10 12 6 10 7 10 4 7 3 4 5 9
Abbreviations: H, Humana; M, Medicare.
*Values are percent.
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APPENDIX C

PHYSICAL REHABILITATION USAGE BREAKDOWN (TOTAL SHOULDER ARTHROPLASTY)*
| ovists | 15visits J eiovisis | u1svisis J 16-20visits § 2125visits | 2630visits | >0 visits
Variable M H M H M H M H M H M H M H M H
Sex
Male 15 18 33 12 1 13 9 16 10 16 8 10 5 7 9 7
Female 19 20 34 12 1 15 8 14 9 15 7 10 4 6 8
Region
Midwest 18 17 42 13 1 15 7 16 8 17 5 9 4 6 6 7
Northeast 1 16 3l 17 13 9 9 13 10 13 7 15 5 8 14 8
South 21 22 32 il 9 13 9 14 10 15 7 il 4 7 7 8
West 1 16 26 14 1 17 1 18 12 15 10 7 5 6 9 7
Age,y
<65 26 22 39 15 1 12 7 14 8 15 3 9 2 7 3 6
65-69 14 18 B3 1 il 15 8 16 il 15 8 10 5 7 9 8
70-74 15 17 3l 12 12 14 1 15 1 16 8 il 4 7 9 9
7579 17 19 33 10 1 14 8 15 9 7 8 10 5 7 9 9
>80 23 23 37 14 10 14 8 15 8 14 5 8 3 5 6 6
Diagnosis
Osteoarthritis 16 19 34 12 u 14 9 15 10 15 7 10 4 7 8 8
Fracture 30 26 35 13 18 12 18
Other 25 26 3l 10 14 14 7 12 8 13 7 8 4 8 5 10
Abbreviations: H, Humana; M, Medicare.
*Values are percent.
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