Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at University of Delaware on April 1, 2023. For personal use only. No other uses without permission.

Copyright © 2023 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

| RESEARCH REPORT ]

SHAWN L. HANLON, PhD, ATC, CSCS' » RYAN T. POHLIG, PhD'2 « KARIN GRAVARE SILBERNAGEL, PT, PhD, ATC!

Differences in Recovery of Tendon
Health Explained by Midportion

Achilles Tendinopathy Subgroups:
A 6-Month Follow-up

he persistent symptoms and loss of function* accompanying
Achilles tendinopathy impair quality of life and interfere with
social roles and occupational productivity.” Achilles tendinopathy
occurs equally in men and women, with highest prevalence in
people aged 35 to 56 years."* Most cases are associated with overuse, with
a lifetime incidence of 50% among runners, although 65% of cases in the

general population are not sport relat-
ed.*?” The general health impairments
and alterations in tendon structure asso-
ciated with Achilles tendinopathy can be

characterized on a spectrum, with severity
ranging widely among patients.>* Collec-
tively, these impairments can be described
across domains of tendon health,*” con-

© OBJECTIVES: To (1) evaluate whether the defin-
ing characteristics of previously reported Achilles
tendinopathy subgroups were reproducible in a
cohort with midportion Achilles tendinopathy and
(2) compare recovery trajectories and outcomes.

© DESIGN: Prospective single cohort study.

© METHODS: Participants (n = 114; 57 women;
age [mean + standard deviation]: 47 + 12 years)
received the Silbernagel protocol and were
evaluated at baseline, and at 8, 16, and 24 weeks.
Subgroups were identified using mixture modeling.
Main effects of group and time, and interaction
effects were evaluated using linear mixed models
for 23 outcome measures representing symp-
toms, lower extremity function, tendon structure,
psychological factors, and patient-related factors.
Recovery trajectories were reported descrip-
tively to reflect clinically meaningful change for
outcomes.

© RESULTS: Activity-Dominant (n = 34),
Function-Dominant (n = 38), Psychosocial-Dom-
inant (n = 27), and Structure-Dominant (n = 15)
subgroups were identified. There were significant

effects of group and time for all primary outcome
measures, except heel-rise and viscosity limb
symmetry indexes. The Activity- and Func-
tion-Dominant subgroups achieved functional
recovery despite persisting symptoms. The
Psychosocial-Dominant subgroup reported the
greatest impairments in symptom and foot- and
ankle-related quality of life at all time points. The
Structure-Dominant subgroup experienced delayed
improvement in symptoms and was the only
subgroup to not achieve structural recovery. No
subgroup met our criteria for complete recovery.

© CONCLUSION: The defining characteristics of
Achilles tendinopathy subgroups were reproduced

in a cohort with midportion Achilles tendinopathy.

The Activity- and Function-Dominant subgroups had
superior outcomes compared to the Psychosocial- and
Structure-Dominant subgroups for symptomatic,
functional, and structural recovery. J Orthop Sports
Phys Ther 2023;53(4):217-234. Epub: 23 January 2023,
doi:10.251%jospt.2023.11330
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recovery, tendon

sisting of symptoms, tendon structure,

lower extremity function, psychological

factors, and patient-related factors.

We previously identified 3 specific
clinical profiles (subgroups) of people
with insertional and midportion Achilles
tendinopathy??:

e Activity-Dominant: physically active
young adults (55% male) experienc-
ing persistent symptoms and min-
imal-to-no disturbance in all other
tendon health domains

e Psychosocial-Dominant: middle-aged
individuals (66% female) with severe
symptoms, high kinesiophobia (fear of
movement), poor quality of life, and
minimal-to-no tendon damage

e Structure-Dominant: older individuals
(77% male) with substantial tendon
damage and severe lower extremity
function impairment
It is unclear whether the different sub-

groups respond to treatment in different

ways. Describing recovery trajectories for
each tendon health domain can reveal
how each subgroup improves or declines
over time, and identify delayed recov-
ery. Evaluating differences in recovery

(trajectories and outcomes) may inform

prognostic factors and future hypotheses

about individualized strategies for people
with persisting deficits who may benefit
from additional treatment.
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A challenge when evaluating recovery
is defining what recovery is and when it
occurs. Historically, the hallmark of re-
covery was resolution of symptoms and
pain with activity.?***¢ However, symp-
tom resolution does not ensure recovery
within other domains,?*** and alterations
in Achilles tendon structural and mechan-
ical properties moderate patient-reported
symptoms and function.™ Therefore,
addressing each tendon health domain
might be vital for recovery.’>?? Recovery is
different for people with midportion and
insertional Achilles tendinopathy.?? In-
sertional Achilles tendinopathy does not
respond as favorably to exercise therapy*!¢
as midportion Achilles tendinopathy and
is frequently accompanied by additional
pathological findings such as bone defect,
bursitis, and enthesophytes.*®

The purpose of this study was to eval-
uate (1) whether the defining character-
istics of the subgroups were reproducible
in a cohort with only midportion Achilles
tendinopathy and (2) whether the sub-
groups recovered differently within the
domains of tendon health, when treated
with the same treatment protocol.

MATERIALS AND METHODS

HIS WAS A PROSPECTIVE COHORT
Tstudy including participants with

midportion Achilles tendinopathy.
The data were from a larger clinical tri-
al (ClinicalTrials.gov; NCT03523325),
providing 1 year of treatment. Data from
baseline and at 8, 16, and 24 weeks were
analyzed. Data were collected between
August 2018 and November 2021. This
study received approval by the University
of Delaware Institutional Review Board
(1063764-12).

Participants

Participants were between 18 and 65 years
old, had a chief complaint of pain located
within the Achilles tendon midportion
(2-6 cm above the calcaneus), had pain
with palpation, and experienced pain with
loading.>* Exclusion criteria were previ-
ous Achilles tendon rupture, a diagnosis
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of only insertional Achilles tendinopathy
or bursitis, or any other injury that limit-
ed the ability to perform exercises on the
injured limb. Participants were recruited
through flyers, referrals from physician
and community physical therapists, and
social media. Sixty-one participants with
midportion Achilles tendinopathy were
included from the previous cohort.??

Exercise Therapy Intervention

All participants received the same compre-
hensive treatment protocol.* The Silberna-
gel protocol and criteria for progression are
provided in APPENDIX A. Treatment was pro-
vided at the University of Delaware Physical
Therapy Clinic by physical therapists who
were trained to provide the intervention.
Clinicians were blinded to outcomes test-
ing and participants’ subgroup member-
ship. Frequency of supervised treatment
visits and progression was determined at
the discretion of the treating clinician. Par-
ticipants were asked to complete training
diaries daily, documenting their exercises,
any physical activity, and symptoms/pain
level (morning, highest, and lowest).*%*
Training diaries were reviewed weekly
to monitor and progress treatment. The
pain-monitoring model (APPENDIX A) was
used to adjust the exercise load, and physi-
cal activity was guided by pain during and
after activity.***> Load progression com-
prised increasing range of motion, repeti-
tions, and adding external load (eg, weight
vest or weight machine). At the discretion
of the physical therapist, participants were
discharged when they met their functional
and/or physical activity goals and were in-
dependent with managing any remaining
symptoms with a maintenance loading
program. The number of completed treat-
ment visits was recorded. Participants were
encouraged to contact the study team with
questions following discharge and could re-
turn for treatment if they had a change in
status and were unable to self-manage their

symptoms.

Outcome Measures
Patient characteristics and medical his-
tory were collected at baseline following

ICON 2020 recommendations.*® Recov-
ery (outcomes) at 24 weeks was defined
within the domains of tendon health*’
(symptomatic, functional, structural, and
psychosocial recovery) represented across
23 outcome measures. All outcome mea-
sures, definitions, and recovery criteria
are described in TABLE 1.

Symptomatic, Functional, Structural,

and Psychosocial Outcomes
Symptomatic recovery was assessed with
the Victorian Institute of Sport Assess-
ment-Achilles (VISA-A)* and self-re-
ported pain with hopping. Participants
completed the VISA-A for both limbs.
In cases of bilateral symptoms, the most
symptomatic limb (lower VISA-A score)
was used for data analysis. Participants
completed 2 trials of 25 single-leg hops*6
(similar cadence to jumping rope) and
immediately rated their Achilles tendon
pain.

Functional recovery was assessed us-
ing a functional test battery, described
in detail by Silbernagel et al.* Tests in-
cluded the countermovement jump, drop
countermovement jump, and heel-rise
endurance test using a MUSCLELAB™
measurement system (Ergotest Innova-
tion, Porsgrunn, Norway). Physical ac-
tivity was measured using the Physical
Activity Scale (PAS).?' The PAS is a Likert
scale, ranging from (1) hardly any physical
activity to (6) hard or very hard physical
activity, several times per week.

Structural recovery was assessed by
measuring Achilles tendon morphology
(B-mode ultrasound) and mechanical
properties (continuous shear wave elas-
tography [¢SWE]). Ultrasound images
were taken using a GE LOGIQ e ultra-
sound scanner (linear transducer, fre-
quency: 10 MHz, depth: 3.5 cm [ General
Electric Company, Boston, MA]). Degree
of tendon thickening, Achilles tendon
thickness and cross-sectional area (CSA)
at the thickest portion were measured
with the participant lying prone with
their feet hanging off the edge of the ta-
ble.**” Tendon thickening was calculated
by subtracting the thickness of healthy
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TABLE 1

SUMMARY OF OUTCOME MEASURES

Functional recovery Functional test battery consisting
of the heel-rise endurance test?

and 2 jump tests

Structural recovery Tendon morphology: degree of ten-
don thickening,? Achilles tendon
thickness, and cross-sectional

area (CSA)

Tendon mechanical properties:
viscosity? and shear modulus

Psychosocial recovery ~ FAOS-QoL?

TSK-172

PROMIS-29 subscales

GROC

Numerical pain-rating scale from 0 to 10 (no pain to worst pain
imaginable)

Represents tendon loading tolerance

MCID of 2 points”

The heel-rise test evaluates calf muscle endurance. Total work is
expressed in joules (heel-rise height x repetitions x body mass).*
Jump tests include the countermovement jump (CMJ) and drop
countermovement jump (Drop CMJ).

Average height measured in centimeters from 3 trials for each
jump test‘

Measured using B-mode ultrasound imaging

Tendon thickening in millimeters describes tendon structural
abnormality (difference between healthy tendon thickness and the
maximum thickness on the injured tendon).

Two millimeter thickening or more is pathologic.?®

Maximum Achilles thickness measured in centimeters and CSA
measured in square centimeters®>

Viscosity measured in Pa-s and shear modulus measured in kilo-
pascals are calculated using continuous Shear Wave Elastography
(cSWE)2#

Score range of 0 to 100, with 100 being highest quality of life*?
Evaluates fear of movement with score range of 17 to 68. Higher
scores mean more fear; scores >37 indicate high kinesiopho-
bia_3,18,30

PROMIS-29 subscales include Social Roles and Activities
(PROMIS-SRA), Pain Interference with functioning (PROMIS-PI),
Anxiety (PROMIS-ANX). T-scores are calculated for each; higher
scores indicate greater presence of the concept being measured.®
Represents change in overall status on a Likert scale ranging from
-5 to +5 (“very much worse” to “completely recovered”)*

Outcome Variable Evaluation Method Definition/Description Recovery Definition
Symptomatic recovery  VISA-A questionnaire? « Score range of 0 to 100, lower scores indicate more pain and « Score >90 points at 24 weeks®
symptoms*
 MCID of 14 points by 16 weeks?
Pain with hopping « Self-rated Achilles tendon pain with single-leg hopping (25 hops)* « <2/10 pain with hopping

Limb symmetry index (LSI) >90% at 24 weeks
(most symptomatic limb/least symptomatic
limb x100)®

LSl values 100 +10% at 24 weeks for Achilles
thickness, CSA, shear modulus, viscosity

Score >90 points at 24 weeks
Score <37 points at 24 weeks

Tscores of 50 + 10 points

Reported descriptively

Sport Assessment-Achilles.
“Primary outcome measures.

Abbreviations: FAOS-QoL, Foot and Ankle Outcome Score-Quality of Life; GROC, global rating of change; MCID, minimally clinically important change;
PROMIS-29, Patient-Reported Outcomes Measurement Information Systems-29; TSK-17, Tampa Scale of Kinesiophobia-17 item; VISA-A, Victorian Institute of

uniform tendon from the thickest por-
tion of the injured tendon." Continuous
shear wave elastography is a valid and
stable method for monitoring changes in
injured tendon and allows for calculation
of 2 tendon mechanical properties: shear
modulus (ie, stiffness) and viscosity (ie,
rate-dependent stiffness).'>'® Continuous
shear wave elastography data were col-
lected with the participant prone and the
ankle positioned at 10 degrees of dorsi-
flexion using a SonixMDP Q+ ultrasound

scanner (Ultrasonix, Vancouver, Canada)
with a L14-5/38 probe, a 128-channel
data acquisition unit, and an external
actuator, which generate shear waves,
placed on the posterior lower leg. This
method is described in detail by Cortes
et al' and Corrigan et al.”?

Psychosocial recovery was assessed
using the Foot and Ankle Outcomes
Score Quality of Life Subscore (FAOS-
QoL),* the Tampa Scale of Kinesiopho-
bia-17 item (TSK-17),>'82° select subscales

from the Patient-Reported Outcomes
Measurement Information Systems-29
(PROMIS-29),¢ and the global rating of
change (GROC).>*

Statistical Analysis

Subgroup membership was determined
using mixture modeling from 14 vari-
ables®? representing the domains of ten-
don health (APPENDIX B). Mixture modeling
reveals hidden groups among individuals
who are assumed to be homogenous.?%
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The number of subgroups was deter-
mined by comparing model fit between
K-classes and K-1 class. APPENDIX C de-
tails these model fit statistics’>**** and
interpretation.’®?*** Baseline differences
among subgroups were evaluated using
1-way analysis-of-variance or chi-square
tests. Significant main effects of group,
time, and interaction (group x time) were
evaluated using linear mixed models for
all outcome measures (primary outcomes:
VISA-A, heel-rise work limb symmetry
index (LSI), tendon thickening, viscosity
LSI, FAOS-QoL, and TSK-17 evaluated at
o =.05; secondary outcomes at o, = .001).
Pairwise comparisons were tested post
hoc using Bonferroni correction. Group,
time, and their interaction were included
as fixed effects. A compound symmetric
covariance matrix was used to model the

Legend:

Lower Extremity Function

FIGURE 1. Comparison of subgroup baseline characteristics, separated by tendon health domain. Abbreviations: BMI, body mass index; CMJ, countermovement jump; CSA,
cross-sectional area; FAOS-Qol, Foot and Ankle Outcomes Score-Quality of Life; PAS, Physical Activity Scale; TSK-17, Tampa Scale of Kinesiophobia-17 item; VISA-A, Victorian

Institute of Sport Assessment-Achilles.

Activity-Dominant®

Psychosocial-Dominant?

Patient-Related Factors
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correlation among residuals. Residuals
were tested using Shapiro-Wilk tests to
test the assumption of normality and
detect outliers. Recovery trajectories for
each domain were reported descriptively,
and differences were defined by either a
statistically significant interaction effect
or observed differences in clinically im-
portant improvement, decline, or non-
change over time points.

RESULTS

NE-HUNDRED FOURTEEN PARTICI-
pants were included in this study.
The best-fitting mixture model
(APPENDIX C) identified 4 subgroups: Ac-
tivity-Dominant (n = 34)), Function-Dom-
inant n = 38), Psychosocial-Dominant
(n = 27), and Structure-Dominant (n =

CMJ Heght CMJHeght
Tendon Thickening Drop CMJ Heght Tendon Thickening, Drop CMJ Heght
Tendon Thickness Heel-Rise Work Tendon Thickness Heel-Rise Work
a8
TendonCSA L~ / \ PAS Tendon CSA PAS
| )
T 1
Viosty BMI Vigosty BMI
Shear Modulus FADS-Qol Shear M odulus FADS-Qol
TSK-17 VisA-A TSK-17 VISA-A
Pain w/ Hopping Pain w/ Hopping

CMJ Heght CMJ Heght
Tendon Thickenun_g Drop CMJ Heght Tendon Thickening. Drop CMJ Heght
Tendon Thickness s Heel-Rise Work Tendon Thickness Heel-Rise Work
Tendon CSA ‘f PAS Tendon CSA PAS
]
Visosty BMI Visosty LY BMI
Shear Modulus FADS-Col Shear Modulus FAOS-Qol
TX-17 ViSA-A TSK-17 VISA-A
Painw/ Hopping Pain w/ Hopping

sLess distance from the center represents less deficit or better performance.
The dotted line represents the pooled sample mean.

Symptoms

Function-Dominant?®

Structure-Dominant®

| Psychological Factors

15) (FIGURE 1). Including 61 participants
from the previous cohort did not affect
model fit (APPENDIX E).

Baseline Characteristics of Subgroups

The characteristics of the subgroups
and distinctions among them were akin
to the subgroups profiled in the previ-
ous study.?? Baseline characteristics are
presented in TABLE 2. Activity-Dominant
participants were youngest (37 + 10
years) compared to Function-Dominant
(50 + 10 years), Psychosocial-Dominant
(50 £ 11 years), and Structure-Domi-
nant (58 + 6 years). Majority of Func-
tion-Dominant and Activity-Dominant
were runners (68% and 68%, respec-
tively) compared to Psychosocial-Dom-
inant (29.6%) and Structure-Dominant
(zero runners). Psychosocial-Dominant

Tendon Structure & Mechanical Properties
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TABLE 2 SUMMARY OF SUBGROUP DEMOGRAPHICS AND BASELINE CHARACTERISTICS
Activity- Function- Psychosocial-  Structure- AD AD AD FD FD PD
Pooled Sample  Dominant Dominant Dominant Dominant  ANOVA Vs Vs Vs vs vs Vs
(n=114) (n=34,30%) (n=38,33%) (n=27,24%) (n=1513%) PValue FD PD SD PD SD SD
Age, years 47 +12 3710 50+10 50+11 58+6 <001 <001 <001 <001 1000 071 083
(45-49) (33-41) (47-53) (45-55) (54-61)
Height, cm 171786 1743+82 1704+ 85 1673+6.4 1769+90 <001 177 .006 722 420 .045 .002
(170.1-173.3) (171.5-1772) (1676-1732)  (164.8-1699)  (1719-1819)
Body mass, kg 84.4+192 781+112 81.8+240 881+16.3 98.7+175 <.001 822 150 .002 522 .015 275
(80.7-88.0) (74.2-82.0) (74.0-897) (81.7-94.6) (89.1-108.4)
BMI 286+6.1 257+32 280+73 316+6.0 315+49 <.001 8535 <001 .007 065 176 1000
(27.4-297) (24.6-26.7) (25.6-30.4) (29.2-339) (28.6-34.2)
Sex, Female 57 (50%) 9(26.5%) 20 (52.6%) 23 (85%) 5(33%) <00l .031 <.001 735 .008 237 .001
Symptom duration, 10.2[291] 152 [42.4] 235[3L1] 71[316] 55[16] .800 999 998 828 991 866 73
months, median
[1QR]
Previous history of 20 (175%) 0 8 (21%) 4(14.8%) 3(20%) 8570 551 1000 687 J47 1.000 686
Achilles tendinopa-
thy, n (%n)
Comorbidities, n (%n)
Diabetes Mellitus 1(.8%) 0 0 1(37%) 0 .3650 NT 443 NT 415 NT 1000
Rheumatological 2 (1.8%) 0 1(2.6%) 1(3.7%) 0 650° 1000 443 NT 1000 1000 1000
Thyroid 9 (79%) 1(29%) 3(78%) 4(14.8%) 1(6.6%) .398° 617 161 523 437 1.000 639
Medications, n (%n)
Fluroguinolones 7(6.1%) 2(58%) 1(2.6%) 3(11.1%) 1(6.6%) 576 599 647 1.000 299 490 1000
Steroids 4(3.5%) 0 1(2.6%) 3(111%) 0 09 1000 081 NT 299 1.000 541
Statins 11(96%) 1(29%) 3(78%) 3(111%) 4.(26.7%) 0740 617 313 .026 686 090 225
|dentify as a runner, 57 (50%) 23 (67.6%) 26 (68.4%) 8(29.6%) 0 <00 1000 009 <001 .005 <.001 .018
n (%n)
Bilateral symptoms, 49 (43%) 17 (50%) 20 (52.6%) 9(33.3%) 3(20%) 060° 1000 207 064 138 .037 485
n (%n)
Physical Activity 5[2] (4-5) 5[1](5-5) 5[1]1(5-5) 3[2](3-4) 5[2] (4-5) <.001 982 <.001 982 <.001 153 .040
Scale, median
[IQR]
VISA-A 51+18 55ERIS 58+15 38+17 46 +20 <.001 895 <.001 258 <.001 079 4687
(47-54) (49-60) (53-62) (31-45) (35-56)
Heel-rise work LSI 919+302% 1026+180% 949+198%  850+39.5% 710+441 .005 684 106 .005 550 .046 464
Tendon thickening, 2.38+193 153+121 2114157 216+151 5.36+2.09 <.001 .376 .398 <.001 999 <001 <.001
mm
Viscosity LSI 980+341% 923+232% 964+901% 1127+499%  92.6+30.2% 158 965 152 1.000 289 986 315
FAOS-QoL 40+18 39+18 47+15 31+16 40+22 .004 176 297 999 .002 458 427
(37-43) (33-45) (43-52) (24-38) (37-52)
TSK-17 38+5(3739) 39+5(37-4l) 35+5(34-37) 41+5(39-43) 39+5(36-42) <.001 .009 390 1000  <.001 064 581
Abbreviations: AD, Activity-Dominant; BMI, body mass index; FD, Function-Dominant; FAOS-QoL, Foot and Ankle Outcomes Score-Quality of Life; IQR,
interquartile range; LSI, limb symmetry index; PD, Psychosocial-Dominant; SD, Structure-Dominant; TSK-17, Tampa Scale of Kinesiophobia-17 item; VISA-A,
Victorian Institute of Sport Assessment-Achilles.
“Data are presented as mean * standard deviation (95% confidence interval) unless otherwise specified.
bChi-square test.

reported the lowest physical activity.
Psychosocial- and Structure-Dominant
shared similar anthropometrics (body
mass index of 31.5 and 31.6, respective-

ly), compared to the Activity-Dominant
(25.7) and Function-Dominant (28.0).
There was no significant difference in
symptom duration among the subgroups.

Activity- and Function-Dominant sub-
groups appeared to have minimal-to-no
deficits in tendon structure (FIGURE 2D,
APPENDIX D).

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | VOLUME 53 | NUMBER 4 | APRIL 2023 | 221



Downloaded from www.jospt.org at University of Delaware on April 1, 2023. For personal use only. No other uses without permission.

Copyright © 2023 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

VISA-A Score

Viscosity LSI (%)

| RESEARCH REPORT ]

Tendon Thickening, mm

-0~ Activity-Dominant

* Significant main effect of group P<.001

FIGURE 2. Recovery trajectories among subgroups. (A) VISA-A. (B) Viscosity LSI. (C) Heel-rise endurance test LSI. (D) Degree of tendon thickening. (E) FAOS-QoL. (F) Tampa
Scale of Kinesiophobia. Abbreviations: FAOS-QoL, Foot and Ankle Outcomes Score-Quality of Life; LSI, limb symmetry index; TSK-17, Tampa Scale of Kinesiophobia-17 item;

VISA-A, Victorian Institute of Sport Assessment-Achilles.
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Recovery Trajectories Among Subgroups
There were significant effects of group
among subgroups for all primary (P<.05)
and secondary outcomes (P<.001), apart
from heel-rise work LSI (P = .115), and
the following secondary outcomes: pain
with hopping (P = .112), shear modulus
(P =.010), PROMIS Social Roles and Ac-
tivities (P = .014), and PROMIS Anxiety
(P =.756). VISA-A, FAOS-QoL, and TSK-
17 (FIGURE 2AEF) each had significant
main effects of time and no significant
interaction effects. Marginal means are
summarized in APPENDIX D.

All subgroups, except Structure-Dom-
inant, met or exceeded the minimal clin-

ically important difference for VISA-A%
by 8 weeks. Structure-Dominant did not
reach the minimal clinically important
difference until 16 weeks. Significant ef-
fects of time and interaction effect (both
P<.001) were observed for tendon thick-
ening (FIGURE 2D). Tendon thickening
increased for Psychosocial-Dominant
(2.16 £ 1.51 mm to 2.28 + 1.47 mm; P =
.032) and Structure-Dominant decreased
(5.36 £ 2.09 mm to 3.75 £ 1.94 mm;
P<.001) over 24 weeks. Heel-rise work
LSI did not change significantly for any
subgroup. There was a significant effect
of time for heel-rise work (P<.001). Psy-
chosocial recovery trajectories were incon-

sistent among FAOS-QoL, TSK-17, and
GROC scores (FIGURE 2E,F and APPENDIX D).
No significant interaction effects were ob-
served for these measures. TSK-17 scores
varied most for Structure-Dominant
across time points, whereas Activity- and
Psychosocial-Dominant showed consis-
tent improvement. Function-Dominant
retained low TSK-17 scores at all time
points.

Outcomes at 24 Weeks

The Activity-Dominant and Function-Dom-
inant subgroups approached symptomatic
recovery criteria and achieved functional
recovery. The Psychosocial-Dominant
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subgroup reported >2/10 pain with hop-
ping and demonstrated continued deficits
on all functional tests. All subgroups, ex-
cept for Structure-Dominant, reported low
kinesiophobia. No subgroup met FAOS-
QoL criteria for psychosocial recovery. The
structural recovery criterion was met by all
subgroups except by Structure-Dominant.
TABLE 3 summarizes recovery status at 24
weeks and attended treatment visits.

DISCUSSION

E IDENTIFIED 4 CLINICAL PROFILES
(subgroups): Activity-Dominant,
Function-Dominant, Psychoso-

cial-Dominant, Structural-Dominant)
among patients with midportion Achil-

les tendinopathy. The subgroups mirror
the defining attributes of those previously
identified,” which revealed meaningful
differences in baseline tendon health. We
identified differences in tendon health re-
covery trajectories and outcomes among
subgroups following 24 weeks of exercise
treatment. Identifying latent subgroups
and patterns among people is uncommon
in musculoskeletal research compared to
social and behavioral conditions.>” Hicks
et al** recently applied this methodology,
which identified subgroups with low back
pain with differing outcomes. Likewise,
our findings demonstrate the longitudinal
benefits and consequences of subgroup
membership in patients with midportion
Achilles tendinopathy.

Reproducibility of the

Subgroups Characteristics

The first study to identify latent subgroups
in Achilles tendinopathy®* included peo-
ple with insertional (24.8%), midportion
(68.9% ) Achilles tendinopathy, and both
diagnoses (6.2%). Considering distribu-
tion was similar among subgroups, ex-
cluding insertional Achilles tendinopathy
did not impact subgroup enumeration in
this cohort. The characteristics of the for-
mer Activity-Dominant®* appear to have
been divided into Activity-Dominant and
Function-Dominant. The most appar-
ent differences between the 2 subgroups
were increased participant age, higher
BMI, and the presence of functional defi-
cits observed in the Function-Dominant.

RECOVERY STATUS WITHIN THE DOMAINS OF TENDON HEALTH
TABLE 3 .
AT 24-WEEK FoLLow-UP?
Pooled Sample Activity-Dominant Function-Dominant  Psychosocial- Dominant ~ Structure- Dominant P Value
Treatment
Attended visits 9B 94t /ERS) OERG) OF35 100
Compliance 95.6£10.4 94.8 £10.5% 95.4 +11.8% 947 +111% 989+4.3% 417
Symptomatic Recovery
VISA-A 72 + 20 points 81+ 18 points 80+ 14 points 60 + 18 points 62 + 25 points <.001
13/71(18.3%)° 4/17 (23.5%)° 725 (28.0%)° 1/16 (6.3%)° V13 (77%)°
Functional Recovery
Heel-rise work LSI 95.7 +£29.6% 104.1+£209% 105+13.8% 870+ 30.0% 76.4+481 .034
44/58 (759%)° 12/15 (80%)° 18/19 (94.7%)° 8/11(72.7%)" 6/11 (54.5%)"
CMJ height LSI 999 +32.9% 104.5+21.3% 105.8 +25.6% 86.4 +496% 991+401% 478
35/57 (61.4%)" 11/15 (73.3%)" 12/19 (63.2%)° 6/11 (54.5%)° 6/10 (60%)°
Drop CMJ height LSI 881+40.6% 104.5+21.3% 105.8 +£25.6% 86.4+497% 99.1+401% 214
21/54 (474%)° 11/15 (73.3%)" 11/19 (579%)° 2/9 (22.2%)" 3/9 (33.3%)°
Structural Recovery
Tendon thickening (mm) 2.33+170 154+089 2.22+166 2.28+147 375194 .025
Viscosity LSI 978 +22.7% 994 + 25.6% 99.4 + 25.6% 102.4 +259% 871+18.3% 517
22/53 (41.5%)° 5/12 (41.7%)? 8/18 (44.4%)° 4/12 (33.3%)° 5/11 (45.5%)¢
Psychosocial Recovery
TSK-17 341156 341164 323+64 345+64 372+46 096
43/71 (676%)" 12/18 (66.7%)° 20/24 (83.3%)° 916 (56.3%)° 713 (53.8%)¢
FAOS-QoL 68.0+97 702 +16.6 724+175 61.3+20.6 654 +25.2 .389
13/71(18.3%)’ 4/18 (22.2%)' 5/24 (20.8%)' 1/16 (6.3%) 3/13 (23.1%)" 673
GROC 29+15 38+21 31+13 25+11 29+13
Abbreviations: CMJ, countermovement jump; FAOS-QoL, Foot and Ankle Outcomes Score-Quality of Life; GROC, global rating of change; LSI, limb symmetry
index; TSK-17, Tampa Scale of Kinesiophobia-17 item; VISA-A, Victorian Institute of Sport Assessment-Achilles.
“All values are presented as mean * standard deviation, n individuals who achieved recovery criteria/n (%).
YVISA-A score 290 points.
°LSI 290%.
4LSI 100 + 10%.
°TSK-17 score <37 points.
fFAOS-QoL score 290 points.
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This division also reflects differences in
study eligibility criterion. Inclusion age
was limited to 65 years in this cohort,
compared to no age limit in the previ-
ous cohort. The patient characteristics
that defined the Psychosocial-Dominant
and Structure-Dominant were consistent
with the previous study.?? In both stud-
ies, Psychosocial-Dominant reported the
worst symptoms and quality of life, high-
est kinesiophobia, and lowest functional
performance of all, and the majority of
participants were obese females. Struc-
ture-Dominant was again the minority
subgroup and the oldest, and the majority
of participants were obese males, defined
by having the greatest alterations in ten-
don structure and mechanical properties.

Recovery Trajectories Inform
Considerations for Clinical Practice
Similar recovery trajectories were observed
for all tendon health domains in Activity-
and Function-Dominant. Although both
shared minimal tendon health deficits at
baseline, a small percentage achieved symp-
tomatic (Activity-Dominant: 23.5%; Func-
tion-Dominant: 28%) and psychosocial
recovery criteria (22% and 21%, respective-
ly). Having fewer deficits at baseline likely
explains the trajectories and outcomes for
Activity-Dominant members.?>* A chief
barrier to recovery for the Activity-Dom-
inant subgroup may be (excessive) phys-
ical activity behaviors, which may impede
tendon recovery.*> Unchanged PAS scores
observed throughout this study suggests
symptom fluctuation, within a tolerable
level,* is nondetrimental over time, as long
as improvements are gained in other do-
mains. Patients often attempt to progress
their tendon loading activities swiftly af-
ter experiencing a period of asymptomatic
status. Therefore, more objective physical
activity monitoring, such as wearable tech-
nology, may help future research to explore
whether physical activity behaviors impede
recovery for Activity- and Function-Domi-
nant individuals.

Our findings support kinesiophobia
as an important facet to address with
patients who have Achilles tendinopathy.

| RESEARCH REPORT ]

The Function-Dominant subgroup had
low kinesiophobia, which can manifest as
reluctance to acknowledge tendon-over-
loading behavior as detrimental. The
pain monitoring model may be useful in
reducing tendon-loading activity, as op-
posed to promoting increased activity for
those with high kinesiophobia. High kine-
siophobia may explain persisting deficits
in symptoms, function, and psychosocial
outcomes in the Psychosocial-Dominant
subgroup. This is consistent with recent
work®? where greater kinesiophobia was
associated with less favorable outcomes.
Although the mechanisms for reducing
kinesiophobia remain unknown, activity
modification using the pain-monitoring
model might address kinesiophobia® and
the observed improvement supports the
growing importance of pain education*’
in clinical practice for tendinopathies.

The degree of alteration in tendon
structure and mechanical properties, com-
bined with physical deconditioning, and
kinesiophobia might explain the outcomes
observed for the Structure-Dominant
subgroup. Tendon thickening reduced by
30% in the Structure-Dominant subgroup,
whereas the other subgroups experienced
minimal changes. This finding evokes
a debate in the literature as to whether
tendon structure can improve with treat-
ment.>* Divergent outcomes (symptoms
and tendon structure) between the Struc-
ture-Dominant subgroup and the pooled
sample highlight potential cause for this
debate. In previous treatment studies with
stringent inclusion criteria, it is plausible
that 1 subgroup was enrolled (eg, a cohort
of all-or-no patients with Structure-Dom-
inant characteristics), which could in-
fluence results to observe change® or no
change? in tendon structure following
treatment. Future research, focused spe-
cifically on individual subgroups, is war-
ranted to explore whether other adjunctive
interventions might improve outcomes for
specific subgroups.

Collectively, our results demonstrate
the clinical value of recognizing subgroup
membership early. Our results affirm
previous findings supporting complete

recovery from Achilles tendinopathy may
require between 6 months to 1 year.* Re-
gardless of subgroup membership, clini-
cians should anticipate recovery timelines
of atleast 6 months and should explain this
to patients at initial evaluation. Our find-
ings move the field closer toward establish-
ing subgroup-informed tailored treatment
strategies to address respective deficits in
tendon health that may require adjunctive
treatment with exercise therapy.

Limitations

Generalizability of the subgroups is limit-
ed by several factors. Our study was lim-
ited to individuals aged 18 to 65 yearsin a
general population. Additional subgroups
might exist that were underrepresented,
such as adolescents and elite athletes.
Subgroups were identified from 14 pre-
selected variables representing tendon
health. Different tendon health variables
might produce different subgroup results.
Metabolic factors were not collected in
this study, which may have influenced
outcomes for subgroup members with co-
morbidities. Because 61 participants were
included in both studies, validation of the
subgroups with a new cohort should be
performed. Due to the COVID-19 pan-
demic, we were unable to collect clini-
cal measures for enrolled participants
between May and July 2020, although
participants completed patient-reported
outcome measures online.

Our interpretation of the results might
have been different if recovery criteria
were defined for each subgroup. Our re-
covery definitions may not reflect the per-
spectives of participants. Future research
should consider tailoring recovery defini-
tions to each subgroup. For example, the
differences in activity/sports participation
among the groups predispose different
ceiling effects for the VISA-A. In a previ-
ous study,” the VISA-A was modified (80
points maximum) for sedentary patients
by omitting questions related to sports
participation and we speculate this could
have substantially influenced our results
for the Psychosocial- and Structure-Dom-
inant subgroups. GROC scores suggest
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that 38% of Psychosocial-Dominant par-
ticipants and 38% of Structure-Dominant
participants considered themselves al-
most or completely recovered (> +4) at 24
weeks. Therefore, modified definitions or
cutoff scores for recovery and meaningful
change may be crucial in future research
comparing subgroups.

CONCLUSION

OUR MIDPORTION ACHILLES TENDI-

nopathy subgroups were identified

that are akin to the defining char-
acteristics of the previously established
subgroups. Each subgroup had specific
deficits at baseline, and recovery trajec-
tories of the subgroups differed across
the tendon health domains. The Activi-
ty- and Function-Dominant subgroups
had the highest proportion of patients
who achieved symptomatic recovery. The
Psychosocial-Dominant and Structure-
Dominant subgroups had remaining
functional deficits at 24 weeks. Structural
recovery may require more than 24 weeks
for the Structure-Dominant subgroup. ®

IMKEY POINTS

FINDINGS: Four subgroups were identified
in patients with midportion Achilles
tendinopathy that are similar to those
previously reported. Recovery in terms
of symptoms, lower extremity function,
tendon structure, and psychosocial fac-
tors differed among the subgroups fol-
lowing 24 weeks of exercise therapy and
pain-guided activity modification.
IMPLICATIONS: Complete recovery from
midportion Achilles tendinopathy may
require 24 weeks or longer. Classifying
patients into subgroups at baseline

may offer valuable prognostic clinical
information for each domain of tendon
health.

CAUTION: Sixty-one participants were
included from the original cohort that
first identified Achilles tendinopathy
subgroups; additional research is need-
ed for external validation of the sub-
group characteristics. Unique recovery
trajectories and remaining deficits at 24

weeks warrant future research to deter-
mine how to improve treatment for each
subgroup.
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APPENDIX A

TREATMENT PROTOCOL AND PAIN MONITORING MODEL*

Phase Patient Status Goals Treatment Program
Symptom management Pain and difficulty with all ~ Start to exercise and Loading Intensity: Progress loading up to 100% body weight with slow controlled motion. If
(weeks 1-2, or longer if activities, difficulty per- understanding nature needed, begin with aquatic therapy, bodyweight support, or isometric plantar flexion.
needed) forming 10 one-legged of the injury and how to « Pain-monitoring model information and advice on exercise activity
heel rises use the pain-monitoring « Circulation exercise (moving foot up/down)
model « Two-legged heel rises standing on the floor (3 x 10-15 repetitions)
Perform exercise once  One-legged heel rises standing on the floor (3 x 10 repetitions)
aday o Eccentric heel rises standing on the floor (3 x 10 repetitions)
« Sitting heel rises (3 x 10 repetitions)
Recovery (weeks 2-5, or Pain with exercise, morning ~ Start strengthening Loading Intensity: External loading should be introduced once patients can complete the
longer if needed) stiffness, pain when Perform exercise once bodyweight treatment program without difficulty.?
performing heel rises aday « Two-legged heel rises standing on edge of a step (3 x 15 repetitions)

¢ One-legged heel rises standing on edge of a step (3 x 15 repetitions)
« Eccentric heel rises standing on edge of a step (3 x 15 repetitions)

« Sitting heel rises (3 x 15 repetitions)

 Quick rebounding heel rises (3 x 20 repetitions)

Rebuilding (weeks 3-12, or  Tolerates the recovery Heavier strength training,  Loading Intensity: Continue to progress external resistance and speed of movement based
longer if needed) phase exercise program increase or start running on patient tolerance.?
well, no pain at the or jumping activity « One-legged heel rises standing on edge of step with added weight (3 x 15 repetitions)
distal tendon insertion,  Perform exercises every day « Eccentric heel rises standing on edge of step with added weight (3 x 15 repetitions)
possibly decreased and with heavier load 2 « Sitting heel rises (3 x 15 repetitions)
or increased morning to 3 times per week  Quick rebounding heel rises (3 x 20 repetitions)
stiffness
Return to sport (months Minimal symptoms, some ~ Maintenance exercise,no  Loading Intensity: Progress from the previous phase to include sport-specific loading speed
3-6, or longer if needed) but not daily morning symptoms and movement patterns on high-intensity days.
stiffness, can participate  Perform exercises every day « One-legged heel rises standing on edge of step with added weight (3 x 15 repetitions)
in sports without and with heavier load 2 « Eccentric heel rises standing on edge of step with added weight (3 x 15 repetitions)
difficulty to 3 times per week « Sitting heel rises (3 x 15 repetitions)

 Quick rebounding heel rises (3 x 20 repetitions)

2If pain increases by more than 2 points when exercising while standing on edge of step, then perform exercises on a flat surface.

PAIN MONITORING MODEL*>53 (NPRS)
e o

0 2 5 10
No Pain Worst Pain Imaginable
 Painis allowed to reach 5 during the activity.
« Pain after the activity is allowed to reach a 5.
« Pain the morning after the activity should not exceed 5.
« Pain and stiffness is not allowed to increase from week to week.
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APPENDIX B

MIXTURE MODELING ILLUSTRATED

Before mixture model

Selected Variables That Define the Mixture Model
Are Tested for Model Fit

1. Victorian Institute of Sport
Assessment-Achilles (VISA-4)
2. Pain with hopping (NPRS)

3. CKJ height
4, Drop CMJ height
5. Heelrise test performance

6. Physical Activity Scale

{ 7 Age*
11. Achilles thickness 8. Foot and Ankle
12. Achilles CSA

13, Shear modulus Life (FAQS-QoL)

Outcomes Score-Quality of

Mixture model identifies 4

patient subgroups
A
(k)
wmiwinwl

14, Viscosity

9. Tampa Scale of Kinesiophobia-17 item (TSK-17)
10. Pain Catastrophizing Scale (PCS)*

Abbreviations; CMJ, countermovement
jump; CSA, cross-sectional area; NPRS,
numeric pain-rating scale

*Variable was notincludedin longitudi I

g ¥

- .
i Activity-Dominant ﬁ Psychosocial-Dominant

.
'I'.'Fundion-Dominml 'ﬁ Structure-Dominant
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APPENDIX C

MODEL FIT STATISTICS RESULTS AND INTERPRETATION

Fit Statistic Two-Subgroup Model Three-Subgroup Model Four-Subgroup Model* Five-Subgroup Model®
AlC 9824.187 9734.258 9661.881 9616.175
BIC 9941.843 9898958 9861.624 9856.961
aBIC 9805935 9709.639 9630.895 9578.822
Entropy 0.874 0.887 o091 0931
VLMR test P=11 P=.24 P=.36 P=.09
aVLMR test P=1 P=.25 P=.86 P=.09
BLR test P<0.001 P<0.001 P<0.001 P<0.001
Subgroup membership size Ln=54 Ln=40 Ln=38 Ln=24
2:n=60 2:n=44 2n=34 2:n=32
3n=30 3in=27 3n=15
4n=15 4:n=38
5:n=5

Abbreviations: AIC, Akaike Information Criteria; ABIC, sample-adjusted Akaike Bayesian Information Criteria; AVLMR, sample-adjusted Vuong-Lo-
Mendell-Rubin; BIC, Bayesian Information Criteria; BLR, bootstrap likelihood ratio; VLMR, Vuong-Lo-Mendell-Rubin.

24 4-subgroup model was the best-fitting model.

bSubgroup size must be >5% of the total sample to be considered a valid model >

Model Fit Statistic Interpretation’®=5°

Akaike's Information Criteria (AIC)! Strong indicators for appropriate model fit (number of subgroups) (lowest AIC, BIC, aBIC)

Bayesian Information Criteria (BIC)*

Sample-adjusted BIC (aBIC)*

Entropy® Range of 0 to 1, where closer to 1 indicates strongest separation between and cohesion within subgroups
Vuong-Lo-Mendell-Rubin (VLMR)? Determine statistically significant differences (P =.05) between models (3 vs 2 subgroups)

Sample-adjusted VLMR (aVLMR)?
Bootstrap likelihood ratio (BLR)?
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APPENDIX D

SUMMARY OF MARGINAL MEANS AND MAIN EFFECTS?
Activity- Function- Psychosocial- Structure- m
Outcome Measures Dominant Dominant Dominant Dominant F P F P F P
Primary Outcome Measures
VISA-A
Baseline BHERIS 58+15 38+17 46+20 14718 <001 55090 <.001 1247 267
8 weeks 73+15 72+13 52+17 53+16
16 weeks 76+14 1+17 58+20 66+17
24 weeks 8l+12 80+13 60+18 62+25
Heel-rise work LSI
Baseline 1026 +18.0 949+198 850+395 7101441 112 953 841 474 400 934
8 weeks 1022 +£13.0 1004 +13.0 90.7+399 891+40.8
16 weeks 106.2+255 1048+14.3 99.8+26.8 897+46.6
24 weeks 104.0+209 1054+13.8 870+300 76.4+481
Degree of tendon thickening, mm
Baseline 153+121 211+157 216+151 536+209 22002 <.001 6824 <001 3224 .001
8 weeks 130£116 240+192 168+ 161 407 +£2.05
16 weeks 147 +£146 210+160 1344155 4.32+195
24 weeks 154+089 2.22+£166 2.28+147 375+194
Viscosity LSI
Baseline 92.3+232 96.4+901 112.7 £499 926+302 3187 .027 929 427 797 619
8 weeks 1086 +£329 99.3+108.6 1076 £33.2 857 +20.5
16 weeks 872+143 901+189 1073+ 275 8584252
24 weeks 1010+23.0 93.0+£200 102.4+259 871+18.3
FAOS-QoL
Baseline 390179 474+149 310167 3961224 3.881 014 79357 <001 675 686
8 weeks 544+182 585+15.3 4514178 5271175
16 weeks 65.8+217 64.7 £173 56.0+ 176 63.4+159
24 weeks 7021166 724175 61.3+£20.6 65.4+252
TSK-17
Baseline 390453 351+46 411451 390+5.2 5503 <001 22080 <.001 1739 .08l
8 weeks 362+54 344+40 377+6.0 394144
16 weeks 354166 330+44 359453 351450
24 weeks 341164 323464 345+64 372+46
Secondary Outcome Measures
Pain with hopping, NPRS
Baseline 31+25 29+24 SERN 28+29 2.025 115 19443 <001 923 506
8 weeks 20+20 20+23 24420 19+24
16 weeks 14+19 14+17 18+21 5+09
24 weeks 07+09 09+14 27126 14+25
Heel-rise work, J
Baseline 2260 £ 662 1721+ 624 1115+ 675 1057 810 14477 <.001 7769 <.001 1752 079
8 weeks 2209 + 624 1873 £ 552 1382+934 1416 +728
16 weeks 2378 +775 2059+ 643 1375+ 583 1405 + 881
24 weeks 2387 £ 562 1921+ 562 1254 +574 1255+ 891
CMJ height, cm
Baseline 109+21 62115 27+14 38+18 106439  <.001 2525 059 941 491
8 weeks 107+21 56+19 3318 41+25
16 weeks 115+23 61+18 3717 48+25
24 weeks 11429 57425 24+15 46+30
Table continues on next page.
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APPENDIX D (CONTINUED)

Activity- Function- Psychosocial- Structure- m
Outcome Measures Dominant Dominant Dominant Dominant F P F P F P
Drop CMJ height, cm
Baseline 105+24 57417 1717 31+27 77831  <.001 5118 002 1544 135
8 weeks 99+21 57+25 28+25 40+32
16 weeks 105+24 60+19 39+23 56+38
24 weeks 101+23 58+25 18+17 46+3.0
PAS (median [IQR])
Baseline 5[] 5] 3[2] 5[2] 16113 <.001 721 540 1.384 196
8 weeks 4(3] 5[1] 4(3] 412]
16 weeks 5[2] 5] 411 412]
24 weeks 5[3] 5[4] 3] 412]
Achilles thickness, cm
Baseline 062 +.15 074+.19 0.66+.16 119+.13 40083  <.001 1904 130 617 782
8 weeks 059+.15 074+ .21 065+.19 118+ .15
16 weeks 062+.18 072+.18 064+.21 119+.17
24 weeks 061+.14 072+.21 067+.18 114+ 16
Achilles CSA, cm?
Baseline 072+ .21 0.85+.26 077 +.26 172+.32 73051  <.001 2.494 061 643 760
8 weeks 0.66+.20 0.87+.33 072+ .24 176+ .46
16 weeks 073+.24 092+.34 079+.30 190+ .52
24 weeks 068+.21 0.86+.30 0.82+.27 177+.38
Viscosity, kPa-s
Baseline 506+94 529+92 HISEEIIN] 455+11.3 6.368 <.001 662 576 321 598
8 weeks 56.1+12.0 536+12.8 537+116 439+10.8
16 weeks 530+92 496+79 55,6 +10.7 428+89
24 weeks 546+147 516497 500+82 397+100
Shear modulus, kPa
Baseline 9R7+221 1010 +178 995+16.8 1139+224 3972 010 2926 035 560 829
8 weeks 989+16.6 973+190 920+217 1079 +24.2
16 weeks 106.6 +20.1 1088 +22.7 1031+254 1151+184
24 weeks 954 +140 1006 +21.3 96.4+277 1145+176
PROMIS Social Roles and Activities,
t-score
Baseline 56.0+6.6 575+77 498+89 56.0+95 3.692 014 9814 <001 1303 235
8 weeks 574+6.4 600+74 530+75 572+69
16 weeks 590+57 599+57 552+6.1 589+6.1
24 weeks 61.5+5.3 597+6.3 581+80 58.3+70
PROMIS Pain Interference, t-score
Baseline 527+69 517+6.6 588+69 543+83 10728 <001 36803 <.001 232 990
8 weeks 470+54 470+£55 528+6.0 50.1+6.0
16 weeks 467+5.3 467+5.3 529+81 483+71
24 weeks 437+49 444+5]1 511+6.8 477 £72
PROMIS Anxiety, t-score
Baseline 465+78 456+72 488+10.3 455+72 .396 756 1.456 227 669 737
8 weeks 448+6.8 455+69 468+79 446+6.8
16 weeks 453+6.6 437+57 469+109 437+69
24 weeks 434+65 450+6.1 440+73 450+80
GROC
8 weeks 20+10 17£13 18+14 23+11 1004 394 1780 153 2.486 o1
16 weeks 25+16 22+16 21+16 IVERTS
24 weeks 38+21 31£13 25+11 29+13
Table continues on next page.
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APPENDIX D (CONTINUED)

Activity- Function- Psychosocial- Structure- m

Outcome Measures Dominant Dominant Dominant Dominant F P F P F P
CMJ height LSI
Baseline 1047 +16.1 102.4+£26.2 88.3+440 907 +43.2 2.342 077 1107 .347 1.268 256
8 weeks 122.4 +597 1029+30.3 91.8+38.0 95.0+427
16 weeks 104.0+204 102.3+371 976+369 98.6+3L7
24 weeks 1046+21.3 1058 £25.6 86.4+497 991+401
Drop CMJ height LSI
Baseline 1019+16.1 876+ 271 712+835 707 +44.2 3478 019 1075 .361 667 729
8 weeks 975+30.1 85.5+376 76.4+587 999+98.3
16 weeks 103.3+£277 102.3+349 93.4+476 830+444
24 weeks 92.8+359 102.4+271 70.3+62.4 7A4+425
Shear modulus LSI
Baseline 987+26.1 1047 +259 105.8+196 113.2+389 1200 314 2935 034 814 603
8 weeks 104.0+274 976+249 94.1+25.3 106.2+24.8
16 weeks 1157 +24.6 108.3+229 1094+ 325 1092 +331
24 weeks 926+16.0 974+184 941+16.7 1157 +35.8
Achilles thickness LSI
Baseline 106.3+16.4 1207 +£33.2 1250+ 336 1754 £58.8 15911 <001 2.154 094 265 983
8 weeks 1097 +204 120.3+3L3 116.3+26.0 178.2 +64.0
16 weeks 108.1+16.5 121.2+30.8 1139+34.2 1719+ 60.2
24 weeks 1060+13.1 116.1+270 12414332 170.8 +669
Achilles CSA LSI
Baseline 1095+187 1176 +33.8 1299 +391 2093+771 19763  <.001 2.058 107 778 637
8 weeks 108.3+22.0 1256+ 446 1145+40.8 2187+1049
16 weeks 1123+227 133.8+48.0 1290+419 2341+126.8
24 weeks 103.3+239 123.3+410 1396 +479 2161+1211

Abbreviations: CSA, cross-sectional area; CMJ, countermovement jump; FAOS-QoL, Foot and Anlkle Outcomes Score-Quality of Life; GROC, global rating of
change; LSI, Limb Symmetry Index; PAS, Physical Activity Scale; PROMIS, Patient-Reported Outcome Measurement Information System; TSK-17, Tampa
Scale of Kinesiophobia-17 item; VISA-A, Victorian Institute of Sport Assessment-Achilles.

*All values are presented as mean * standard deviation, unless otherwise specified. Primary outcomes were evaluated at P<.05. Secondary outcomes were
evaluated at P<.001.
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APPENDIX E

REALLOCATION OF SUBGROUP MEMBERSHIP BETWEEN COHORTS
Previous Cohort Subgroup

Membership (n = 61) Activity-Dominant Function-Dominant Psychosocial-Dominant Structure-Dominant
Activity-Dominant 30 14 16 0 0
Psychosocial-Dominant 24 1 4 16 3
Structure-Dominant 7 0 0 0 7
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