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Background: Diagnostic ultrasound can evaluate musculoskeletal structures for abnormalities that correlate with
tendinopathy and fasciopathy. Previous literature suggests that sonographic screening of tendons and fascia can identify
structures that are at risk for developing pain, although this has not been evaluated in collegiate athletes competing in a variety
of sports.

Purpose: To evaluate the use of ultrasound for screening the patellar tendon, Achilles tendon, and plantar fascia for time-loss
injury in collegiate athletes during a full year.

Study Design: Cohort study; Level of evidence, 2.

Methods: A total of 242 National Collegiate Athletic Association (NCAA) Division I athletes from 3 institutions participated in this
yearlong prospective observational study. Each athlete completed a brief demographic questionnaire, followed by an ultrasound
examination of the bilateral patellar tendons, Achilles tendons, and plantar fascia performed at the beginning of the season. Ultra-
sound examinations assessed for tendon/fascia thickening, hypoechogenicity, and neovascularization. Athletes were monitored
for any time-loss injury in these 3 structures throughout a full year.

Results: Of the 242 athletes (n = 484 tendon/fascia) evaluated, the patellar tendon had the highest prevalence of sonographic
abnormalities (37.4%), followed by the Achilles tendon (10.6%); plantar fascia abnormalities were rare (3.5%). The overall number
of tendon/fascia structures that developed injury was low (\5%). The relative risk for a time-loss injury based on an initial abnor-
mal ultrasound screening was 8.8, 17.2, and 13.2 for the patellar tendon, Achilles tendon, and plantar fascia, respectively (P \
.01). Negative predictive values (99-99.6) far outweighed positive predictive values (10.3-14).

Conclusion: NCAA Division I student-athletes with sonographic abnormalities on initial screening were more likely to develop
a time-loss injury in the affected tendon/fascia during the competitive season. Further research on this topic should focus on iden-
tifying the specific sonographic abnormalities and their relationship with future injury.
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Achilles tendinopathy, patellar tendinopathy, and plantar
fasciopathy are common conditions in both athletes and
the general population.yy These conditions are often

chronic and are associated with overuse, although they
can present acutely.15,26,49 Tendons and fascia are suscep-
tible to developing pain, especially in the setting of high-
impact activities—such as running, jumping, cutting, and
pivoting.4,17,26,29,39,44 These conditions can clinically mani-
fest as pain and decreased function, and can significantly
affect an athlete’s sports participation and perfor-
mance.15,24-26,33,44,49 A study published in 2015 found
that 23% of the reported collegiate overuse injuries were
due to tendinopathy. For the .45% of the injuries caused
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by overuse, it took athletes .7 days to return to sports.42

Patellar tendinopathy was reported in almost half of all
patellofemoral injuries in 25 National Collegiate Athletic
Association (NCAA) Division I sports.45 During the 5-
year study period, patellar tendinopathy led to the
second-most cumulative days away from sports after patel-
lar subluxation.45 Furthermore, foot and ankle injuries
represented 27% of musculoskeletal injuries reported in
37 NCAA Division I sports over 2 years; 8% and 4% of
the injuries that led to time away from sports were due
to the Achilles and plantar heel, respectively.24

Collegiate athletes, specifically, train at a very high
level and have long training sessions as well as competitive
seasons. In this setting, there is concern for athletes devel-
oping pain associated with overuse. In clinical practice,
ultrasonography has been utilized regularly to assess the
etiology of musculoskeletal pain but typically after symp-
toms start. It allows for rapid, dynamic assessment of ten-
dons, fascia, ligaments, muscles, nerves, vasculature, and
bone.14,16,20,33,40 Tendon or fascial thickening, focal areas
of hypoechogenicity, and abnormal vascularity are struc-
tural changes associated with tendinopathy or fasciopathy,
and they can all be readily visualized with ultra-
sound.4,11,17,25,28,33,38,40 Evidence from systematic reviews
has demonstrated that these abnormal findings on ultra-
sound can lead to an increased risk of developing pain.
To our knowledge, no multicenter study has been con-
ducted on sonographic tendon evaluations of collegiate ath-
letes involving different sports. Moreover, there are no
studies that involve sonographic evaluation of the plantar
fascia and its development of future injury.

This study aimed to evaluate the use of ultrasound as
a screening test for future injury in the Achilles tendon,
patellar tendon, and plantar fascia of NCAA Division I ath-
letes throughout a full year. It was hypothesized that
ultrasound screening would be useful in predicting time-
loss injury in these structures.

METHODS

This was a prospective observational study that evaluated
NCAA Division I student-athletes across 3 different insti-
tutions over a single year. The study protocol received
institutional review board approval from all 3 participating
institutions. NCAA Division I student-athletes from any

sport were recruited consecutively at preparticipation
physicals around the beginning of the 2021 academic
year. The exclusion criteria were age \18 years and previ-
ous rupture/surgery of the affected tendon/fascia (the
potential participant was not excluded, but the affected
tendon/fascia was excluded from the analysis). An a priori
power analysis based on an expected relative risk (RR) of 7
estimated a required sample size of 141 student-athletes.33

Study Questionnaire

All consented participants completed a brief questionnaire
immediately upon enrollment in the study. This included
age, sex, height, weight, participating sports, years of com-
petition in their sport, current pain in the structures under
examination, previous pain in those structures, and previ-
ous surgery on those structures.

Ultrasound Video Acquisition

Evaluation of the Achilles tendon, patellar tendon, and
plantar fascia was performed with a 12 to 18 MHz linear
transducer (Logiq E9 R7, GE Healthcare; Sonosite PX,
FujiFilm Sonosite; Sonosite X-porte, FujiFilm Sonosite; or
Sonimage HS-1, Konica Minolta) and was performed by
or directly supervised by an experienced sports medicine
physician with at least 5 years of posttraining experience
(D.M.C., M.F.). Videos—approximately 10 seconds in
length for each plane of each structure, totaling 16 sepa-
rate videos per participant—were recorded without per-
sonally identifiable information using the following
protocol. The patellar tendons were scanned along their
entire course first with the knees bent to 90� in a sagittal
and axial plane, followed by another sagittal view with
color Doppler with the knees extended and quadricep mus-
culature relaxed. Next, the Achilles tendons were scanned,
with the student-athlete in a prone position and knees
extended. The ankle was passively flexed to neutral by
the sonographer, and the Achilles tendon was scanned
from the myotendinous junction to the insertion in both
the sagittal and axial planes, followed by another sagittal
view using power Doppler with the ankle relaxed without
any passive tension. Finally, the plantar fasciae were
scanned only in a sagittal plane, first with the ankle pas-
sively flexed to neutral, then using power Doppler with
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the ankle relaxed. All longitudinal scans were performed
by sweeping the transducer lateral-to-medial and proxi-
mal-to-distal to obtain a complete view of all portions of
the structure. Power Doppler was always performed with
minimal transducer pressure and gain adjusted to maxi-
mize the likelihood of neovessel identification.43

Ultrasound Video Analysis

Video assessment was performed on a separate date by the
primary author (D.M.C.), who has extensive experience
reviewing the affected structures. The reviewer (D.M.C.)
was blinded to all personal information related to the vid-
eos. The reviewer individually analyzed each video for the
presence of focal hypoechogenicity (present/absent), mor-
phologic thickening (present/absent), and neovascularity
(0/1 1 /2 1 /3 1 /4 1 ; analyzed as absent/present) (Table
1).43 Structures were deemed abnormal if �1 of the 3
abnormalities existed.7,8,16,23,33,43

Patellar tendon thickness was measured from the deep
layer of the patellar tendon to the superficial aspect, as it
attaches to the patella.37 Structural abnormalities were
confirmed with multiple sonographic views for the Achilles
and patellar tendon, while the plantar fascia abnormalities
were confirmed solely in the sagittal plane, long axis to the
fascia.

Interrater reliability was performed on a random selec-
tion of 20% of videos by a second experienced sonographer
(S.F.E.), who was also blinded to participant information
as well as the first reviewer’s findings. Kappa values
were calculated from categorical structure abnormality
data (tendon/fascia: normal vs abnormal). Interrater kappa
values are generally deemed \0.20 as slight, 0.21 to 0.40
as fair, 0.41 to 0.60 as moderate, 0.61 to 0.80 as substan-
tial, and 0.81 to 1 as a near-perfect agreement between
raters.35 The kappa values were 0.556, 0.856, and 1 for
the Achilles tendon, patellar tendon, and plantar fascia,
respectively.

Injury Surveillance

All athletes were prospectively monitored over the entire
academic year for the development of pain in the Achilles
tendon, patellar tendon, and plantar fascia that caused
time loss. The athletic training staff was notified of the
study and the importance of reporting time-loss injuries
to these structures; they were also queried individually
throughout the year, quarterly, and at the end of the study
time frame (ie, end of the academic year) for any additional
injuries that had not been reported. The main outcome var-
iable of interest was the development of pain in the
affected structure that required missing practice or compe-
tition for any amount of time (= injury). Clinical diagnoses
of load-related pain and tenderness in the target tendon/
fascia were made by athletic trainers or sports medicine
physicians.31,32 All student-athletes with unclear diagno-
ses underwent consultation with or were evaluated by
a board-certified sports medicine physician. At the end of
the study time frame, all student-athletes with diagnosed

pain in 1 of the 3 structures were verified with the athletic
training staff and/or sports medicine physicians. If an ath-
lete sustained a rupture of 1 of the tendons, the decision
was made a priori to exclude the athlete from the analysis,
as the study was designed to evaluate overuse-type
symptoms.

Also included were deidentified data collected as part of
the Pacific-12 (Pac-12) collegiate athletic conference’s
Health Analytics Program (HAP), which were derived
from clinical documentation in a Health Insurance Porta-
bility and Accountability Act (HIPAA)–compliant elec-
tronic medical record by sports medicine clinicians in the
Pac-12. Data were deidentified using the HIPAA Safe Har-
bor method for deidentification (45 CFR 164.514). Result-
ing project data included deidentified records from only
student-athletes that provided authorization for secondary
research as part of the HAP.

Data Analysis

The primary outcome variable was injury (development of
pain with time loss) in the Achilles tendon, patellar tendon,
and plantar fascia, while the main predictor variable was
the presence or absence of a sonographic abnormality at
the preseason evaluation. Descriptive statistics were calcu-
lated for the demographic characteristics of athletes. Spe-
cifically, the mean with standard deviation or the median
with interquartile range (IQR) were used for continuous
variables, while categorical variables were summarized
with frequencies and percentages. Ultrasound findings
and current pain in the patellar tendon, Achilles tendon,
and plantar fascia were also described using frequency
and percentage, separately for the left and right tendons
as well as for both tendons. A contingency table analysis
was performed to examine the association between ultra-
sound findings and injury in these structures. Participants
were only counted once if an injury was reported on �2
separate incidents in the same structure. In particular,
an RR and its 95% CI, along with a P value and an absolute
risk (AR), were computed from a generalized linear model
for binomial distribution and log link, while using the
cluster-robust variance estimator to calculate standard

TABLE 1
Definition of Tendon/Fascia Abnormalities

Abnormality and Values Categorization

Hypoechogenicity
0 Absent
1 Present

Thickening
0 Absent
1 Present

Neovascularity
0 Absent
1 1 Present
2 1 Present
3 1 Present
4 1 Present
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errors, to account for the potentially correlated data from
the left and right tendons of each athlete.10,22,34,41,47,48

Also, each model was adjusted for previous injuries and
the presence of pain at the time of ultrasound screening
(= covariates) in a multivariate approach. Further, the
Cox proportional hazards (PH) model with the cluster-
robust standard errors was fit to the data to examine the
association of injury to ultrasound findings, separately
for the patellar and Achilles tendon.9,41,48 Meanwhile, the
Cox PH model was not used for the data on the plantar fas-
cia, as the number of cases in this structure was extremely
low46 (n = 4). A hazard ratio (HR) and its 95% CI were also
calculated from the Cox PH model, adjusting for previous
injury and pain at the time of ultrasound screening as
covariates.

The above analyses were also repeated on asymptomatic
tendon subgroups—including only the tendons from ath-
letes without self-reported pain at the time of ultrasound
screening. To examine ultrasound findings as a screening
test for future injuries in these tendon structures, diagnos-
tic summary measures—including sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV)—were calculated for each tendon structure.
Time loss was quantified as time to return to practice after
the onset of symptoms and was compared by injury in each
tendon structure using a Kruskal-Wallis test. P \.05 was
used as the threshold for statistical significance, and all
the analyses were conducted by a blinded statistician
(M.T.) using Stata/MP 18.0 (StataCorp).

RESULTS

Of the 243 athletes scanned by ultrasound in total during
the 2021 academic year, 1 athlete sustained a tendon
rupture during the study and was therefore excluded
from the analysis. No participants were lost to follow-
up. Consequently, data from 242 athletes with 484 tendons
(ie, left and right tendons) were analyzed in this study.
Participant characteristics are shown in Table 2. More
than half of the athletes were women (57.8%); 51.7% of ath-
letes engaged in explosive sports; and athletes from 14 dif-
ferent sports were included in the data.

The ultrasound findings for the patellar tendon, Achil-
les tendon, and plantar fascia are reported in Table 3. Fig-
ure 1 demonstrates these corresponding findings. The
patellar tendon had the highest prevalence of ultrasound
abnormalities (range, 34.8%-40%) of the 3 structures.
Ultrasound abnormalities in the plantar fascia were rare
(range, 3.3%-3.7% of all participants), while the Achilles
tendon showed abnormalities in around 10% of the partic-
ipants (range, 9.9%-11.2%). A total of 24, 13, and 4 athletes
reported injury (development of pain with time loss) for the
patellar tendon, Achilles tendon, and plantar fascia,
respectively, during the study. Among them, 1 athlete
developed pain in the same patellar tendon for a second
time, and 2 athletes developed pain in the same Achilles
tendon for a second time; whereas none of the athletes sus-
tained a repeat pain development in the plantar fascia.

TABLE 2
Characteristics of the Included Athletes (N = 242)a

Variable Value

Sex
Male 102 (42.2)
Female 140 (57.8)

Main sport
Baseball 11 (4.6)
Basketball 46 (19)
Beach volleyball 11 (4.6)
Cross country 26 (10.7)
Golf 2 (0.8)
Gymnastics 7 (2.9)
Lacrosse 26 (10.7)
Skiing 5 (2.1)
Soccer 11 (4.6)
Softball 6 (2.5)
Swimming & Diving 24 (9.9)
Tennis 5 (2.1)
Track & Field 48 (19.8)
Volleyball 14 (5.8)

Sport category
Explosive 125 (51.7)
Running 74 (30.6)
Aquatic 24 (9.9)
Skill-based 19 (7.8)

Age, y 20.2 6 1.6
Height, cm 178.4 6 11.6
Weight, kg 74.7 6 15.2
BMI, kg/m2 23.3 6 2.9

aData are presented as frequency (%) or mean 6 SD. BMI, body
mass index.

TABLE 3
Ultrasound Findings for Each Tendon Structure

(N = 242 Athletes with 484 Tendons)a

Tendon

Ultrasound Abnormality

Yes No

Patellar tendon
Leftb 94 (40) 141 (60)
Rightc 81 (34.8) 152 (65.2)
Eitherd 175 (37.4) 293 (62.6)

Achilles tendon
Left 24 (9.9) 218 (90.1)
Righte 27 (11.2) 214 (88.8)
Eitherf 51 (10.6) 432 (89.4)

Plantar fascia
Left 8 (3.3) 234 (96.7)
Right 9 (3.7) 233 (96.3)
Either 17 (3.5) 467 (96.5)

aData are presented as frequency (%).
b7 missing data points.
c9 missing data points.
d16 missing data points.
e1 missing data point.
f1 missing data point.
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Hence, the analysis included a total of 23, 11, and 4 inju-
ries in the patellar tendons, Achilles tendons, and plantar
fasciae, respectively. Overall, the number of injuries in
these structures was fairly low (�5%) (Table 4). Athletes
sustained injuries in the patellar tendon most frequently
(4.6%-5%), followed by that in the Achilles tendon (2.1%-
2.5%) and the plantar fascia (0.4%-1.2%).

Injury by ultrasound abnormality, separately for each
structure, is summarized in Table 5. There was a signifi-
cant association between ultrasound abnormality and
injury for all tendon structures (P \ .01). Specifically, ath-
letes with ultrasound abnormalities in the patellar tendon,
Achilles tendon, and plantar fascia were about 9 times (RR,
8.8 [95% CI, 1.9-42.1]; P = .006; AR, 8.4%), 17 times (RR,
17.2 [95% CI, 3-97.2]; P = .001; AR, 11.6%), and 13 times
(RR, 13.2 [95% CI, 4.1-42]; P \ .001; AR, 5.4%) more
likely to develop pain than those without ultrasound

abnormalities, respectively. According to the Cox PH mod-
els, the hazards of developing pain in the patellar and
Achilles tendons for athletes with ultrasound abnormali-
ties were about 9 times (HR, 9 [95% CI, 1.9-43.5]; P =
.007) and 19 times (HR, 18.5 [95% CI, 3.8-102]; P =
.001) higher than those without ultrasound abnormalities
(Figure 2).

The results of the contingency table analysis and Cox
PH models above held true even when the subgroup of
only asymptomatic tendons was analyzed. Ultrasound
abnormality was significantly associated with about 10
times (RR, 9.5 [95% CI, 2-45.2]; P = .005; AR, 8.9%) and
23 times (RR, 23.1 [95% CI, 2.5-209.4]; P = .005; AR,
10.7%) higher risk of pain development in the patellar
and Achilles tendons, respectively (Table 6). Similarly,
the patellar and Achilles tendons with ultrasound abnor-
malities were found to have over 9 times (HR, 9.5 [95%

Figure 1. Examples of (A) patellar tendons, (B) Achilles tendons, and (C) plantar fasciae, taken as screenshots from videos. The
top rows show normal findings: (a) normal long-axis image; (b) normal short-axis image; and (c) normal power Doppler image. The
bottom rows show abnormal findings: (d/e) hypoechogenicity and thickening of the tendon (A) at the patellar pole, (B) just prox-
imal to its insertion, or (C) hypoechogenicity and thickening of the plantar fascia; and (f ) neovascularity at that location.
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CI, 1.9-46.2]; P = .005) and 25 times (HR, 24.6 [95% CI,
2.7-226.3]; P = .005) greater hazards of pain development
compared with those without ultrasound abnormalities
(Figure 3).

Overall, ultrasound screening showed extremely high
NPVs (�90%) for all 3 tendon structures (Table 7). In other
words, athletes with normal ultrasound findings were quite
unlikely to develop pain in those structures. Ultrasound
screening for the patellar tendon showed high sensitivity
(85.7%), whereas that for the Achilles tendon and plantar fas-
cia showed high specificity (.90%). Meanwhile, PPVs were
fairly low for all 3 tendon structures (�14%), indicating that
most athletes with ultrasound abnormalities in these struc-
tures did not end up developing pain. Looking within types
of abnormality, the highest PPVs were seen with neovascular-
ity measurements, but they remained on the lower end.

The median time to return to practice after developing
pain in the patellar tendon (n = 22), Achilles tendon (n =
10), and plantar fascia (n = 4) was 1 day (IQR, 1-4 days
[range, 1-241 days]), 1 day (IQR, 1-14 days [range, 0-28

TABLE 4
Injury for Each Tendon Structure (N = 242

Athletes, 484 Tendons)a

Tendon

Injury

Yes No

Patellar tendon
Left 11 (4.6) 231 (95.4)
Right 12 (5) 230 (95)
Either 23 (4.8) 461 (95.2)

Achilles tendon
Left 5 (2.1) 237 (97.9)
Right 6 (2.5) 236 (97.5)
Either 11 (2.3) 473 (97.7)

Plantar fascia
Left 3 (1.2) 239 (98.8)
Right 1 (0.4) 241 (99.6)
Either 4 (0.8) 480 (99.2)

aData are presented as frequency (%). Injury was defined as the
development of pain with time loss.

TABLE 5
Contingency Table on Ultrasound Findings

and Injuries (N = 242 Athletes/484 Tendons)a

Ultrasound
Abnormality

Injury

RR (95% CI)b PbYes No

Patellar tendon
Yes 18 (10.3) 157 (89.7) 8.8 (1.9-42.1) .006
No 3 (1) 290 (99)

Achilles tendon
Yes 8 (15.7) 43 (84.3) 17.2 (3-97.2) .001
No 3 (0.7) 429 (99.3)

Plantar fascia
Yes 2 (11.8) 15 (88.2) 13.2 (4.1-42) \.001
No 2 (0.4) 465 (99.6)

aData are presented as frequency (%). Injury was defined as the
development of pain with time loss. RR, relative risk.

bCalculated from the generalized linear model for binomial dis-
tribution and log link with cluster-robust standard errors, adjust-
ing for previous injuries and pain at the time of ultrasound
screening. Bold values indicate statistical significance.

Figure 2. Cox proportional hazards model with cluster-robust standard errors on injury (pain with time loss) according to ultrasound
findings in (A) patellar tendons and (B) Achilles tendons, adjusting for previous injury and pain at the time of ultrasound screening.

TABLE 6
Contingency Table on Ultrasound Findings

and Injuries for Asymptomatic Tendonsa

Ultrasound
Abnormality

Injury

RR (95% CI)b PbYes No

Patellar tendon
Yes 14 (9.5) 134 (90.5) 9.5 (2-45.2) .005
No 3 (1.1) 282 (98.9)

Achilles tendon
Yes 5 (11.9) 37 (88.1) 23.1 (2.5-209.4) .005
No 2 (0.5) 412 (99.5)

Plantar fascia
Yes 0 (0) 14 (100) NAc

No 2 (0.4) 449 (99.6)

aData are presented as frequency (%). Injury was defined as the
development of pain with time loss. NA, not applicable; RR, rela-
tive risk. Bold values indicate statistical significance.

bCalculated from the generalized linear model for binomial dis-
tribution and log link with cluster-robust standard errors, adjust-
ing for previous injuries.

cNot calculable because of zero frequency in 1 cell.
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days]), and 8 days (IQR, 1.5-34 days [range, 1-54 days]),
respectively. There were no significant between-group differ-
ences in time to return to practice (P = .432) among the 3 ten-
don structures, likely because of the large variability in the
data.

DISCUSSION

Previous literature on sonographic screening for tendon
abnormalities in athletes has been focused primarily on
sports involving running, jumping, cutting, or pivoting.33

This multi-institutional study involved athletes from vari-
ous collegiate sports and demonstrates that collegiate
student-athletes with preseason ultrasound abnormalities
in the patellar tendon, Achilles tendon, or plantar fascia

are more likely to develop pain in those structures com-
pared to those without preseason abnormalities.

Several prior studies have prospectively evaluated the
likelihood of developing tendinopathic symptoms based
on an ultrasound evaluation.11-13,19,33 Evidence from sys-
tematic reviews demonstrates that sonographic abnormal-
ities significantly increase the risk of future Achilles and
patellar tendon pain, though some discrepancies in the
results have been reported between the studies. The pres-
ent study is one of the largest of its kind to track athletes
for a year and identified one of the highest RRs. The
comparatively higher RR found in our study may relate
to the population of interest: The present study included
only NCAA Division I student-athletes, whereas
prior studies examined both younger and older popula-
tions.6-8,11,12,14,16-18 Furthermore, most prior studies exam-
ined asymptomatic tendons, while the present study

Figure 3. Cox proportional hazards model with cluster-robust standard errors on injury (pain with time loss) according to ultra-
sound findings in asymptomatic (A) patellar tendons and (B) Achilles tendons.

TABLE 7
Diagnostic Measures of Ultrasound Screeninga

Tendon

Diagnostic Property

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Any
Patellar 85.7 (63.7-97) 64.9 (60.3-69.3) 10.3 (6.2-15.8) 99 (97-99.8)
Achilles 63.6 (30.8-89.1) 90.9 (87.9-93.3) 14 (5.8-26.7) 99.1 (97.7-99.7)
Plantar fascia 50 (6.8-93.2) 96.9 (94.9-98.2) 11.8 (1.5-36.4) 99.6 (98.5-99.9)

Hypoechogenicity
Patellar 76.2 (52.8-91.8) 66.3 (61.7-70.7) 9.6 (5.6-15.2) 98.3 (96.2-99.5)
Achilles 70 (34.8-93.3) 93.6 (91.1-95.7) 18.9 (8-35.2) 99.3 (98-99.9)
Plantar fascia 50 (6.8-93.2) 97.5 (95.7-98.7) 14.3 (1.8-42.8) 99.6 (98.5-99.9)

Thickening
Patellar 61.9 (38.4-81.9) 83.1 (79.3-86.5) 14.8 (8.1-23.9) 97.9 (95.9-99.1)
Achilles 45.5 (16.7-76.6) 95.3 (93-97.1) 18.5 (6.3-38.1) 98.7 (97.2-99.5)
Plantar fascia 50 (6.8-93.2) 97.1 (95.2-98.4) 12.5 (1.5-38.3) 99.6 (98.5-99.9)

Neovascularity
Patellar 73.9 (51.6-89.8) 86.2 (82.7-89.2) 21.3 (12.9-31.8) 98.5 (96.8-99.4)
Achilles 27.3 (6-61) 98.7 (97.2-99.5) 33.3 (7.5-70.1) 98.3 (96.7-99.3)
Plantar fascia 25 (0.6-80.6) 99.6 (98.5-99.9) 33.3 (0.8-90.6) 99.4 (98.2-99.9)

aNPV, negative predictive value; PPV, positive predictive value.
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examined all tendons, but did include a subanalysis of
asymptomatic tendons. The collegiate age may be the tip-
ping point where abnormalities become symptomatic.

Though large RRs were noted for the development of
pain in all 3 structures, its utility as a screening test
should be viewed as having both strengths and limitations.
All structures showed low PPVs (\15%) but had very high
NPVs (�99%). This could be related to 2 main causes.
First, the overall percentage of athletes who developed
pain remained low throughout the 3 structures. The patel-
lar tendon, Achilles tendon, and plantar fascia developed
pain in 4.8%, 2.3%, and 0.8% of athletes, respectively. Prior
epidemiologic data have shown that Achilles and plantar
heel injuries in collegiate athletes are relatively low com-
pared to all foot and ankle injuries.24 Second, the sono-
graphic abnormality categories were broad—namely,
thickening, hypoechogenicity, or neovascularity. Specific
morphologic characteristics, such as location within the
tendon, degree of abnormality, or shape, were not dis-
cretely analyzed; future studies may better elucidate
which abnormalities best correlate to future pain.

In general, the patellar tendon had the highest percent-
age of sonographic abnormalities on the initial screening in
this study. This is consistent with data from prior litera-
ture reporting the incidence of patellar tendinopathy being
higher in elite adolescent athletes compared to the Achilles
tendon.4 Additionally, a recent study on ultrasound abnor-
malities of the patellar tendon in adolescent male basket-
ball players showed that athletes developed ultrasound
abnormalities during the peak height velocity (PHV) and
post-PHV periods; none of the athletes demonstrated ultra-
sound abnormalities during the pre-PHV period.5 This is
relevant to the findings in the present study, as collegiate
student-athletes typically hit their peak height velocity
before starting college.1 The ultrasound findings may indi-
cate that the athletes have been at risk previously, but now
the tendon fibers have matured, demonstrating the ultra-
sound abnormalities once they are in college.5

Following the patellar tendon, the Achilles tendon was
the structure with the second-highest percentage of ultra-
sound abnormalities in this study. Prior literature of elite
athletes demonstrates an increased risk of developing
pain in the Achilles tendon when ultrasound abnormalities
were present on initial screening.15,16 On the other hand,
although it was a smaller study, Jhingan et al did not
find a significant difference between athletes with or with-
out ultrasound abnormalities and future development of
pain; the lack of association may be due to the smaller sam-
ple size.26 With its larger sample size, the current study
could add to the literature with more robust findings of
ultrasound abnormalities in the Achilles tendon.

Overall, the plantar fascia had the smallest percentage
of ultrasound abnormalities on initial screening. Of the 3
structures evaluated, the plantar fascia had a lower inci-
dence of developing pain.2,20 To our knowledge, this is
the first study examining the relationship between ultra-
sound abnormalities of the plantar fascia and its relation
to future symptoms. Due to the relatively few cases of
pain developing in this structure in the present cohort, it
was not possible to determine with confidence if

asymptomatic sonographic abnormalities related to future
pain development. However, if symptomatic plantar fas-
ciae were included, there was a significant association;
this is in line with the patellar and Achilles tendon
findings.

Pain in the patellar tendon, Achilles tendon, or plantar
fascia required variable amounts of time away from sport
before returning to practice. The median time away ranged
between 1 and 8 days among all 3 structures, though the
time away from practice had a larger range for some ath-
letes. For example, the patellar tendon had the largest
range of time away: from 1 to 241 days. In a previous
study, collegiate athletes with patellar tendinopathy
mostly spent 24 hours or less time away from competi-
tion.45 The data from our study suggest that time away
from sport is often low as well. This is significant to our
study population as multiple weeks to months away from
sport can impact a competitive season. The median num-
ber of days away from practice could be influenced by the
timing of the injury and whether the injury occurred in
season or the off season.

As previously mentioned, the main analysis for the
present study included symptomatic and asymptomatic
structures. Most previous data examine asymptomatic
structures, as a true screening test is designed to identify
a condition before symptoms.33 However, there is still
important information to be gained from including symp-
tomatic tendons. A diagnosis is not always clear. Multiple
similar conditions can masquerade as the tendinopathy/
fasciopathy in this study, such as plantaris tendinopathy,
retrocalcaneal bursitis, patellofemoral pain syndrome, fat
pad impingement, tarsal tunnel syndrome, entrapment of
the first branch of the lateral plantar nerve, and radiculop-
athy. The present study utilized self-reported patellar ten-
don, Achilles tendon, and plantar fascia pain; no diagnosis
was made by a medical practitioner at the beginning of the
study. Thus, this screening test still is effective without
a medical diagnosis. When the analysis was run for only
asymptomatic tendon structures, there was still a signifi-
cantly higher risk of developing pain in the patellar tendon
and Achilles tendon. The RR values for the asymptomatic
tendon structures are smaller compared to the total group,
and this can be attributed to the decrease in the overall
number of structures included in the analysis, coupled
with the higher risk of sonographic abnormality within
athletes with self-reported symptoms in the structure.
The RR for the plantar fascia could not be calculated, as
there were only 2 asymptomatic structures that eventually
developed pain, and they did not have any ultrasound
abnormalities on initial screening.

Identification of at-risk structures is useful, and the
next logical step is to incorporate interventions for injury
prevention. Strengthening programs have been proposed
to help decrease ultrasound abnormalities and pain. Fred-
berg et al15 evaluated elite Danish soccer players who had
asymptomatic patellar and Achilles tendons. Teams were
randomized into an eccentric strengthening and stretching
program, and the number of athletes with ultrasound
abnormalities was decreased for the patellar tendon.15

Contrary to their hypothesis, the risk of injury to the
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patellar tendon increased during the study period, while
the Achilles tendon risk did not improve.15 Further
research is needed to evaluate the efficacy of a rehabilita-
tion program to decrease the risk of developing pain in
at-risk athletes.

Limitations and Strengths

There are limitations associated with the current study.
First, our study included student-athletes from 14 differ-
ent sports. There are more than 20 NCAA sports that com-
pete for championships each year.36 Despite a large
number of study participants, we are not able to represent
all sports with this data. Future research could be designed
as a larger-scale, multi-institutional study with partici-
pants from all NCAA sports. Second, ultrasound abnormal-
ities were recorded by either their presence or absence,
without specification for the particular type morphology
of ultrasound abnormality. While simplifying the protocol,
this additional information could be useful in a future
study to evaluate whether specific abnormal findings,
such as abnormal vascularity, hypoechogenicity, or ten-
don/fascial thickening, are more likely to relate to future
pain. For example, a study of Swedish high school volley-
ball players demonstrated that neovascularity in the
region of other patellar tendon sonographic abnormalities
was more indicative of symptomatic patellar tendinop-
athy.17 Pain in the patellar tendon, Achilles tendon, or
plantar fascia was described as either ‘‘yes’’ or ‘‘no.’’ More
specifics on the type of injuries sustained could help under-
stand any patterns in the type and severity of injuries that
these athletes encounter.

In addition, operator experience plays a large role in the
reliability of sonographic characterization. We speculate
that the majority of discrepancies between experienced
reviewers come from subtle differences between small
hypoechogenic areas, which may be less likely to be related
to future injury than larger, more obvious areas. As more
potential abnormalities exist (eg, the patellar tendon, com-
pared to the plantar fascia), reliability is lower; therefore,
reliability may be lower in populations with a higher prev-
alence. Future studies are ongoing to identify specific
causes of diminished reliability.

Despite the aforementioned limitations, the current
study has multiple strengths that should be highlighted.
This study included a large number of student-athletes
from 3 different NCAA Division I institutions. Addition-
ally, previous studies have been focused on individual
groups of athletes, such as basketball, soccer, volleyball,
or endurance athletes, while our study included athletes
from a wide range of collegiate sports.8,11,14,17,18,20,27,30

This allows for a more robust generalization of the data
among collegiate athletes. Close monitoring of the
student-athletes was performed with the help of athletic
training staff, coaches, and team physicians, with follow-
up lasting an entire year. Last, the data collection was
excellent for the 242 athletes with few missing data. Spe-
cifically, between the 3 structures that were evaluated
(1452 possible data points), only 17 data points were miss-
ing, which accounted for \1% of the overall data.

CONCLUSION

Collegiate athletes with ultrasound abnormalities to the
patellar tendon, Achilles tendon, and plantar fascia on
the preseason screening tests were found to be more likely
to develop pain in the respective structures during the
competitive season. Of the 3 structures studied, the patel-
lar tendon developed pain the most often, followed by the
Achilles tendon. The NPV was .99% for all 3 structures
demonstrating that athletes without ultrasound abnormal-
ities on prescreening were extremely unlikely to develop
pain, whereas PPVs were low (\15%). Preseason musculo-
skeletal ultrasound screening could be incorporated in col-
legiate athletes to evaluate for the risk of developing pain
during the season. Further research on this topic should be
focused on specifying high-risk sonographic abnormalities
and identifying injury prevention strategies for those
who demonstrate ultrasound abnormalities in the patellar
tendon, Achilles tendon, and plantar fascia.
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