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ABSTRACT

Background: Using ultrasound imaging, evaluate sonographic findings in the upper and lower extremities across the
competitive season in Division I female collegiate volleyball athletes. Second, evaluate association between sonographic
tendon thickness, cross-sectional area (CSA) measurements, and body composition variables.

Methods: Prospective observational study with repeated sonographic findings and body composition measurements in
16 female volleyball athletes at pre and postseason.

Results: Sonographic tendon and bony abnormalities were most prevalent in the knees and ankles pre and postseason.
Chi-Square revealed significant differences across the competitive season in prevalence of left Achilles tendon pathology
(x*=3.5, P=.060), pathology in either Achilles tendon (x’=4.1, P=.044), and tendon abnormalities in >4 body regions
(x*=6.6, P=.010). MANOVA revealed significant differences with large effect sizes across the competitive season in right
Achilles tendon CSA (P=.020, x*=.17), right plantar fascia thickness (P=.069, x*=.11), combined right lower extremity
measurements (P=.072, x’=.11), combined left lower extremity measurements (P=.057, x’=.12), combined bilateral
lower extremity measurements (P=.054, x*=.12), and combined bilateral upper extremity measurements (P=.070,
x’=.11). Significant moderate to large correlations found between Achilles tendon CSA and body composition variables
at pre and postseason (ranging from -.51 to .79).

Conclusions: This pilot investigation provides novel data and insights into the effects of competitive season on
sonographic findings in the upper and lower extremities in Division I female volleyball athletes and an association
between sonographic tendon measurements and body composition variables. Findings suggest that monitoring tendon
health across competitive seasons may be helpful in informing injury prevention and training programs for collegiate
athletes.
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INTRODUCTION

Nearly 30,000 women compete in collegiate volleyball
in the United States, with just over 6,000 competing at
the Division I level [1]. The most common body regions
injured in volleyball athletes are the shoulder, knee, ankle,
and foot, with reported incidence rates ranging from 2 to
11 injuries per 1,000 player hours, including acute and
overuse injuries resulting from contact and noncontact
mechanisms [2]. The most common soft tissue structures
to be injured in volleyball athletes are the rotator cuff,
patellar, and Achilles tendons [2-7].

High-resolution ultrasound imaging (USI) is a reliable
[8], patient-friendly, cost-effective, dynamic point-of-
care diagnostic tool allowing for rapid evaluation of
various neuromusculoskeletal structures, including easy
bilateral comparison [9,10]. Research has shown that
sonographic evaluation of some tendon pathologies is
more sensitive and accurate than MRI;[11-13], however,
like other soft tissue imaging modalities, USI may detect
tendon and bony abnormalities in asymptomatic athletes.
The relationship between sonographic abnormalities and
the development of musculoskeletal symptoms remains
unclear, in part because of the prevalence of asymptomatic
findings; [9,14] however, recent investigations have found a
link between sonographic tendon abnormalities in athletes
and the development of pain identifying focal hypoechoic
tendon appearance, barrel-shaped tendon thickening, and
neovascularization as factors most predictive of symptom
development, particularly in the patellar and Achilles
tendons and less predictive in the rotator cuff tendons [3-
5,8,10,15,16]. Cushman et al,[7] investigating a variety
of Division I athletes (including 14 indoor volleyball
players of unspecified sex), found a 4 to 6-fold increase
in the development of pain in athletes with preseason
sonographic abnormalities in the lower extremities. They
found the highest prevalence of sonographic abnormalities
in the patellar tendon of indoor volleyball athletes, which
approached 60%. Despite these findings, uncertainty
remains regarding the value of sonographic findings
in screening for injury risk and future development of
musculoskeletal pain and dysfunction. Caution should
be exercised when using USI in isolation to identify
athletes at an increased risk of injury; instead, interpreting
sonographic findings - like other imaging modalities -
within the context of an athlete’s medical history, sporting
demands, and clinical examination is considered best
practice [9,15].

Although studies exist evaluating preseason sonographic
findings in athletes and the development of musculoskeletal
pain or injury,[3,7,16] the authors could find no studies
evaluating sonographic tendon measurements or
description of cortical changes at the various entheses
across the competitive season (i.e., comparing pre and
postseason examinations) in any athletic population.
Additionally, the authors could find no studies evaluating
the association between sonographic tendon measurements
and body composition variables in any athletic population.

This investigation aimed to evaluate sonographic findings
in the upper and lower extremities in Division I female
collegiate volleyball athletes at pre and postseason using
high-resolution USI. Secondarily, the association between
sonographic tendon measurements and body composition
variables was evaluated, including body segment-specific
analysis. Notably, this investigation was conducted at the
largest Historically Black College and University in the
United States and presented novel data on female athletes,
the majority of which identified as racial/ethnic minorities,
which is a population largely underrepresented in the
scientific literature [7].

MATERIALS AND METHODS

This was a prospective observational study with a repeated
measures design. The primary outcome measures were
sonographic tendon thickness and cross-sectional area
(CSA). All recruitment and study-related procedures were
approved by the Institutional Review Board at Winston-
Salem State University (IRB-FY2023-79). Participants
were NCAA Division I female volleyball athletes medically
cleared for participation at a southeastern Historically Black
College and University who provided written informed
consent before initiation of data collection. Every effort
was made to ensure the rights of all study participants were
protected, including the handling of personal and health
information provided by each athlete.

Study Procedures and Instrumentation

Athletes provided demographicinformation and completed
a brief health history at baseline. Pre and postseason data
collections included self-report questionnaires, body
composition analysis, sonographic examination of the
upper and lower extremities, and functional strength
and power testing of the upper and lower extremities.
Prior to body composition analysis, athletes completed
electronic versions of the Recovery-Stress Questionnaire
for Athletes[17] and the Low Energy Availability in Females
questionnaire [18-20] using a secure anonymous link
(Qualtrics™; https://www.qualtrics.com). Following at
least 8 hours of fasting, athletes’ height was measured using
a wall-mounted stadiometer (Seca Model 217; Hanover,
MD, USA), and their body composition was measured
using multifrequency bioelectrical impedance (InBody770;
Cerritos, CA, USA). Athletes then underwent sonographic
examination of bilateral shoulders, knees, ankles, and feet
using a 15-4 MHz linear array transducer (Sonosite PX;
FUJIFILM Sonosite, Kennewick, WA, USA). Following a
brief dynamic warm-up, functional strength and power
tests were performed: closed kinetic chain upper extremity
stability, broad jump, double broad jump, single leg hop for
distance, single leg vertical jump for height, vertical jump,
and 12-inch (30 cm) drop jump. All vertical and drop
jumps were simultaneously video recorded in the frontal
and sagittal planes for subsequent analysis (Kinovea,
version 0.9.5; https://www.kinovea.org).

Sonographic Examination

All sonographic examinations were performed by
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the principal investigator (NJS), who is registered in
Musculoskeletal® sonography by the Alliance for Physician
Certification & Advancement and has over 7 years of
experience performing and teaching neuromusculoskeletal
USI. Shoulders were examined with the athlete seated and
their hand placed on their ipsilateral posterior hip with their Hoffa Fat Pad
elbow pointing posteriorly to position their glenohumeral
joint in extension and neutral rotation (i.e., modified
Crass position) to obtain long and short-axis images of the
supraspinatus tendon and enthesis [9] (Figure 1). Knees
were examined with the athlete supine, and their knees
flexed approximately 30° over a bolster to obtain long and
short-axis images of the patellar tendon and enthesis [9,21]
(Figure 2). Ankles and feet were examined with the athlete
prone and their distal leg off the edge of the table relaxed in
slight plantar flexion to obtain long and short-axis images
of the Achilles tendon and enthesis (Figures 3A and 3B)
and long-axis images of the plantar fascia and enthesis
[9,22] (Figure 3C).

Figure 1: Ultrasound images of the supraspinatus tendon
in long-axis view (A) and short-axis view (B)
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Figure 3: Ultrasound images of the Achilles tendon in
long axis view (A1) and short axis view (A2) and the
plantar fascia tendon in long axis view (B)
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SASD, subacromial-subdeltoid bursa; SST, supraspinatus
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Image Review and Analysis

Figure 2: Ultrasound images of the proximal patellar
tendon in long-axis view (A1) and short-axis view (A2)
and the distal patellar tendon in long-axis view (B1) and

short-axis view (B2) Heel Fat Pad
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AT, Achilles tendon; PF, plantar fascia
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Saved images were exported for measurement and analysis
using a DICOM viewer (ShowCase Premiere software
version 6.1.3.11; Trillium Technology, Inc., Ann Arbor, MI,
USA). Supraspinatus tendon thickness was measured at the
medial aspect of the superior facet of the greater tubercle
of the humerus (Figure 4A), and plantar fascia thickness
was measured at the distal curvature of the plantar
aspect of the calcaneus [22] (Figure 4B). Patellar tendon
CSA was measured in the proximal region of the tendon
immediately distal to the patella, and the distal region of
the tendon just proximal to the tibial tuberosity (Figure
5A1 and 5A2) and Achilles tendon CSA was measured at
a level intersecting the malleoli (Figure 5B). Consistent
with prior studies, for statistical analysis, tendon thickness
and CSA measurements were normalized to 1/3 of body
mass [21]. Sonographic findings were described for each
body region based on the tendon or bony abnormalities
at the entheses. Tendon abnormalities were categorized
according to tendinopathy (i.e., loss of fibrillar pattern,
hypoechoic thickening) or intrasubstance tendon defect.
Bony abnormalities were categorized according to the
presence of osteophytes, enthesophytes, or cortical defects
at the entheses. Examples of sonographic abnormalities in
each body region examined are found in Figure 6. A final
sonographic impression was determined for each athlete
by summing the areas with observed pathology - tendon,
bony, or any - to categorize “sonographic risk’, which the
authors defined as sonographic abnormalities observed in
at least 4 of the 8 body regions examined.

Figure 4: Examples of sonographic measurements of
thickness in the supraspinatus tendon (A) and plantar
fascia tendon (B)

cm, centimeters

Figure 5: Examples of sonographic measurements of
cross-sectional area in the proximal patellar tendon (A1),
distal patellar tendon (A2), and Achilles tendon (B)

cm?, centimeters squared; cm, centimeters

Figure 6: Examples of sonographic abnormalities in the
supraspinatus tendon in long axis (A1) and short axis
(A2) views, proximal patellar tendon (B1) and distal
patellar tendon (B2) in long axis views, Achilles tendon
(C) in long axis view, and plantar fascia tendon (D) in
long axis view
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Body Composition Analysis

The following measurements were included in each
athlete’s body composition analysis: height, body mass,
fat mass, lean mass, fat-free mass, skeletal muscle mass,
skeletal muscle index, percent body fat, visceral fat area,
intracellular water, extracellular water, 50 kHz whole body
phase angle, and basal metabolic rate. Body composition
analysis included whole-body and body segment-specific
upper and lower extremities and trunk measurements.

Data Analysis

SPSS® (IBM® Statistics, version 28.0.1.0; Armonk, NY,
USA) was used for all data analysis. Descriptive statistics
were used to summarize athlete characteristics at baseline.
Chi-square analysis was used to compare the frequency
and distribution of sonographic findings in each body
region across the competitive season. MANOVA was used
to evaluate changes in sonographic tendon thickness or
CSA across the competitive season. A two-tailed alpha
level of <.10 was chosen for dependent t-tests, MANOVA,

and Chi-Square analyses to improve statistical power and
reduce the probability of a type II error, given the small
sample size of this pilot investigation. Bivariate correlations
were used to evaluate associations between sonographic
tendon measurements and body composition variables at
pre and postseason.

RESULTS

Data were collected between August and November 2023
from 16 female volleyball athletes (Age = 19.9 + 1.2 years;
Height = 174.9 + 8.4 cm; Body mass = 73.2 + 9.4 kg;
88% right-handed) that contributed 32 shoulders, knees,
ankles, and feet for preseason sonographic examination.
The NCAA Division I volleyball season included 60 team
practices and 100 competitive sets over 26 games. The
average athlete participated in 62 sets (ranging from a high
of 100 sets to a low of 1 set).

All 16 athletes participated in complete preseason data
collection. One athlete did not participate in the postseason
sonographic examination, and 2 athletes did not
participate in the postseason body composition analysis.
Ten athletes (63%) identified as a racial/ethnic minority.
Four athletes (25%) reported experiencing pain in their
lower extremities at the time of preseason data collection,
although all were cleared for full athletic participation
and completed preseason testing. Four athletes (27%)
reported experiencing pain in their lower extremities at
postseason data collection, with 1 of those athletes unable
to complete the single leg jumping activities secondary to
acute unilateral knee pain.

Sonographic Findings

Preseason sonographic examination revealed 8 athletes
(50%)withabnormalitiesintheshoulderregion (5unilateral,
3 bilateral) involving intrasubstance supraspinatus tendon
defects; 15 athletes (94%) with abnormalities in the knee
region (8 unilateral, 8 bilateral) involving a mixture of
patellar tendinopathies, intrasubstance patellar tendon
defects, and cortical defects at the patellar or tibial entheses;
14 athletes (88%) with abnormalities in the ankle region (6
unilateral, 10 bilateral) involving predominately calcaneal
enthesophytes with some Achilles tendinopathies; 1 athlete
(6%) with an abnormality in the foot region (unilateral)
involving cortical defects at the calcaneal enthesis.

Postseason sonographic examination revealed 10
athletes (67%) with abnormalities in the shoulder
region (3 unilateral, 7 bilateral) involving predominately
intrasubstance supraspinatus tendon defects with a single
instance of enthesophyte at the humerus and a single
instance of supraspinatus tendinopathy; 15 athletes (100%)
with abnormalities in the knee region (5 unilateral, 10
bilateral) involving predominately patellar tendinopathies
along with a mixture of intrasubstance patellar tendon
defects and cortical defects at the patellar or tibial entheses;
12 athletes (80%) with abnormalities in the ankle region
(7 unilateral, 5 bilateral) involving a mixture of calcaneal
enthesophytes and Achilles tendinopathies; 1 athlete
(7%) with an abnormality in the foot region (unilateral)
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involving plantar fasciosis.

Overall, the highest prevalence of tendon abnormalities
was found in the knee region in the pre-and postseason.
The highest prevalence of bony abnormalities was found in
the ankle region at pre and postseason. Chi-Square analysis
of sonographic abnormalities across the competitive
season revealed significant differences in the prevalence of
athletes with left Achilles tendon pathology, pathology in
either Achilles tendon, and tendon abnormalities in at least

Limbs Combined
Bilateral Upper Extremities 0 (0%) 1(7%) 1.10 | .294
Right Lower Extremity 14 (88%) | 10 (67%) | 1.92 .166
Left Lower Extremity 12 (75%) | 8(53%) | 1.59 | .208
Bilateral Lower Extremities 15 (94%) | 11(73%) | 2.39 | .122
Sonographic “Risk”
Abnormalities 24 Body Regions 0 (0%) 1 (7%) 1.10 | .294

1% Chi Square

Table 3: Prevalence of any sonographic abnormalities
across the competitive season

4 body regions (Table 1). No significant differences were Bodv Reaions Prescason | Postseason | . |
found in the prevalence of bony abnormalities (Table 2) or yoes (n=16) (n=15) .
any sonographic abnormalities (i.e., tendon and/or bony) Shoulders
i Right 6 (38%) 9(60%) | 1.57 | 210
across the competitive season (Table 3). Lot > (31%) 0(60% | 238 | 108
Table 1: Prevalence of tendon abnormalities across the Knees
competitive season Right 11 (69%) 13 (87%) 1.42 | .233
Left 12(75%) | 13(87%) | 0.68 | .411
Presea- Postsea- Bilateral Knees 15 (94%) 15 (100%) 0.97 | .325
5 2]
Body Regions ( si)i16) ( s:)ils) X P Ankles
= E= Right 13(81%) | 11(73%) | 0.28 | .598
Shoulders Left 12(75%) | 747%) | 2.62 | .106
Right Supraspinatus Tendon | 6 (38%) 8 (53%) 0.78 | .376 Bilateral Ankles 15 (94%) 13 (87%) 0.44 | .505
Left Supraspinatus Tendon 5(31%) 9 (60%) 2.58 | .108 Feet
Knees Right 0 (0%) 1(7%) 1.10 | 294
Right Patellar Tendon 10 (63%) | 12 (80%) | 1.15 | .283 Left 1 (6%) 0 (0%) 0.97 | .325
Left Patellar Tendon 11 (69%) | 13 (87%) | 1.42 | .233 Bilateral Feet 1(6%) 1(7%) 0.00 | .962
1 0, 0,
Bilateral Knees 14 (88%) | 15(100%) | 2.00 | .157 Limbs Combined
Ankles Bilateral Upper Extremities 8 (50%) 10 (67%) 0.88 | .347
Right Achilles Tendon 3(19%) | 6(40%) | 1.69 | .193 Right Lower Extremity 15(94%) | 15(100%) | 0.97 | .325
Left Achilles Tendon 0 (0%) 3 (20%) 3.54 | .060" Left Lower Extremity 15 (94%) 14 (93%) 0.00 | .962
Bilateral Ankles 3(19%) 8 (53%) 4.05 | .044" Bilateral Lower Extremities 16 (100%) | 15 (100%) NA NA
Feet Sonographic “Risk”
Right Plantar Fascia 0 (0%) 1(7%) 1.10 | .294 Abnormalities >4 Body
Left Plantar Fascia 0 (0%) 0 (0%) NA NA Regions 9 (56%) 10 (67%) 0.35 | .552
Bilateral Feet 0 (0%) 1(7%) 1.10 | .294 .
x% Chi Square
Body Regions Combined )
Bilateral Upper Extremities | 8 (50%) | 10 (67%) | 0.88 | .347 Progression from a normal preseason to an abnormal
Right Lower Extremity 11 (69%) | 12(80%) | 0.51 | .474 : : . .
n sonographic examination found in 2
Left Lower Extremity 11(69%) | 13 (87%) | 1.42 | 233 postseason sonographic examination was 09 d‘ 0
Bilateral Lower Extremities | 14 (88%) | 15 (100%) | 2.00 | .157 out of 120 measurements (17%) when considering all
Sonographic “Risk” body regions combined, most of which involved tendon
Abnormalities 24 Body abnormalities. Alternatively, an improvement from an
Regions 1 (6%) 7 (47%) 6.61 | .010" .
abnormal preseason to a normal postseason sonographic
P<.10 examination was found in 11 out of 120 measurements
P<.05 (9%) when considering all body regions combined, most
2 ; C oy .9
x> Chi Square of which involved bony abnormalities. The shoulder was

Table 2: Prevalence of bony abnormalities across the
competitive season

Presea- | Postsea-
Body Regions son son x> P
(n=16) (n=15)
Shoulders
Right Greater Tubercle 0 (0%) 1(3%) 1.10 | .294
Left Greater Tubercle 0 (0%) 0 (0%) NA NA
Knees
Right Patella or Tibial Tuberosity | 2 (13%) | 5(33%) | 1.92 | .166
Left Patella or Tibial Tuberosity 5(31%) | 3(20%) | 0.51 | .474
Bilateral Knees 7 (44%) | 5(33%) | 0.35 | .552
Ankles
Right Calcaneal Tuberosity 12 (75%) | 8(53%) | 1.59 | .208
Left Calcaneal Tuberosity 12 (75%) | 7 (47%) | 2.62 | .106
Bilateral Ankles 14 (88%) | 10 (67%) | 1.92 | .166
Feet
Right Plantar Fascia 0 (0%) 0 (0%) NA NA
Left Plantar Fascia 1(6%) 0 (0%) 0.97 | .325
Bilateral Feet 1(6%) 0 (0%) 0.97 | .325

the most common body region to show the progression
from a normal preseason to an abnormal postseason
sonographic examination, with 12 out of 30 measurements
(40%). It was evenly split between the right and left sides.
Alternatively, the ankle was the most common body region
to show improvement from an abnormal preseason to a
normal postseason sonographic examination, with 6 out of
30 measurements (20%). It was predominately on the left
side, accounting for 5 of the 6 observed improvements.

Normalized tendon thickness and CSA values across the
competitive volleyball season are summarized in Table
4. Comparison of the right and left limbs in each athlete
revealed a significantly larger right supraspinatus tendon
at pre (1.48 + 1.37, P < .001) and postseason (1.33 + 1.32,
P = .002) with large (g = 0.73) and medium (g = 0.65)
effect sizes, respectively. Additionally, a significantly larger
left distal patellar tendon (1.36 + 2.06, P = .022) and right
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Achilles tendon (0.95 + 1.38, P = .018) were found at the
postseason with medium effect sizes (g = 0.36 and g =

Table 5: Significant associations (P < .05) between
normalized tendon measurements and body composition

0.47), respectively. No other significant interlimb tendon analysis
differences were found in pre or postseason.
Body Region vs Preseason Postseason
MANOVA revealed significant differences across the Body Composition Variable (n=16) (n=13)
competitive season in right Achilles tendon CSA and [ ghoulders (mmikg)
right plantar fascia thickness, respectively, with large and Right Supraspinatus Tendon vs Right
medium effect sizes. Significant differences were also Upper Extremily...
o 8 ; -Extracellular/Total Water (%) -.52(-.03, -.81) None
found when combining CSA and thickness measurements p—
. . . . . Knees (mm?*/kg
in the right lower extremity, left lower extremity, bilateral Right Proximal Patellar Tendon vs
lower extremities, and bilateral upper extremities all with Right Lower Extremity...
. . . . - -.55(-.00, -.85
medium effect sizes (Table 4). No interaction was found Intracellular Water (Ibs) None ( )
) Left Proximal Patellar Tendon vs Left
between tendon measurements and athletes playing >50% Lower Extremity. ..
versus <50% of sets during the competitive season. -Lean Mass (kg) 65 (.23,.87) None
-Intracellular Water (Ibs) .63 (.19, .86) None
Table 4: Changes in normalized tendon thickness and -Extracellular Water (Ibs) 68 (.28, .88) None
. . Left Distal Patellar Tendon vs Left
cross-sectional area across the competitive season L )
ower Extremity...
-Lean Mass (kg) .58 (.11, .83) None
Presea- | Postsea-
Body Resions l;?;a O:Oifa P ) -Intracellular Water (Ibs) .55 (.08, .82) None
Yy Reg (n=16) (n=15) n -Extracellular Water (Ibs) .63 (.19, .86) None
Shoulders (mm/kg) Ankles (mm?*kg)
Right Supraspinatus Tendon 146+ 1.8 | 146+1.9 | .965 | .000 Right Achilles Tendon vs Right Lower
Left Supraspinatus Tendon 13.1+£2.0 | 133+1.9 | .798 | .002 Extremity...
-Lean Mass (kg) .74 (.39, .91) .72 (.28 91)
Knees (mm?/kg) ~Lean Mass (%) .67 (27,.88) | .69 (.23,.90)
Right Proximal Patellar Tendon | 20.4 +3.3 | 22.3+4.0 | .172 | .063 _Intracellular Water (Ibs) 75 (41, .91) 71 (.26,.91)
Right Distal Patellar Tendon 19.9+3.8 | 19.4+3.2 | .651 .007 -Extracellular Water (Ibs) .72 (.35, .89) .73 (.30, .91)
Left Proximal Patellar Tendon | 19.6+3.7 | 21.1 +3.8 | .275 041 -Fat Mass (%) None -57(-.02, -.85)
Left Distal Patellar Tendon 19.2+3.6 | 20.8+3.8 | .243 | .047 Left Achilles Tendon vs Left Lower
Extremity...
Ankles (mm?/kg) R
Right Achilles Tendon 126+ 1.6 | 14219 | .020" | .174 II:ZZE ﬁzzz El;)g)) g; E'ii’ '33 ;g EZ '33
Left Achilles Tendon 123+1.5 | 13.3+1.8 | .109 | .086 -Intracellular Water (Ibs) .64 (.21,.86) | .72(.28,.91)
-Extracellular Water (Ibs) .66 (.24, .87) .69 (.23,.90)
Feet (mm/kg)
: ~51 (-.02, - -56(-01, -85
Right Plantar Fascia 41+11 | 49+1.0 | .069 | .109 e (E) S (60,2 E0) ( )
Left Plantar Fascia 44+11 | 49+£.95 | 205 | .055 Body Regions Combined
Right Lower Extremity vs...
Body Regions Combined -Right Lower Extremity Lean Mass
Bilateral Upper Extremities 27.7+3.6 | 27.9+3.6 | .871 .001 (kg) .51 (.01, .80) None
Right Lower Extremity 36.9+45 | 399+44 | .072° | .107 -Right Lower Extremity Extracellular
Left Lower Extremity 36.1+4.5|39.1+3.9 | .057" | .120 Water (Ibs) .53 (.05, .81) None
Bilateral Lower Extremities 73.1+8.6 | 79.1+79 | .054" | .123 Left Lower Extremity vs...
Bilateral Upper & Lower - -Left Lower Extremity Lean Mass (kg) .72 (.35, .89) None
Extremities 100.8+9.6 | 107.1£9.1 | 070" | .109 -Left Lower Extremity Lean Mass (%) .69 (.29, .88) None
P< .10 -Left Lower Extremity Intracellular
. . Water (Ibs) .70 (.32, .89) None
P<.05 -Left Lower Extremity Extracellular
) . . . Water (Ibs) .74 (.39, .91) None
1’ partial eta squared; mm/kg, millimeters per kilogram Bilateral Lower Extremity vs...
of body mass; mm?/kg, millimeters squared per kilogram -Bilateral Lower Extremity Lean Mass
fbod (kg) .64 (.21, .86) None
oI body mass Bilateral Upper & Lower Extremities vs
Bivariate correlation coefficients for normalized tendon -Lean Body Mass (kg) 64 (.20, .86) None
L X -Intracellular Water Body (Ibs) .62 (.18, .85) None
measurements and body composition variables are -Extracellular Water Body (Ibs) 65 (23, .87) None
summarized in Table 5. Because perfect correlations (i.e., -Skeletal Muscle Index Body
(mm/kg?) .56 (.08, .83) None
r = 1.0) were found between lean body mass and basal

metabolic rate, lean body mass and total body water, and
intracellular water and skeletal muscle mass, only lean body
mass and intracellular water variables were included in the
analysis. Fourteen large (r 2 0.7) and 13 medium (r > 0.5
but < 0.7) significant correlations were found at preseason,
most involving the Achilles tendon or combined body
regions. Similarly, 8 large (r 2 0.70) and 3 medium (r >
0.50 but < 0.70) significant correlations were found at the
postseason, all involving the Achilles tendon.

Data presented as Correlation Coeflicient (95% Confidence
Interval)

mm/kg, millimeters per kilogram; mm?/kg, millimeters
squared per kilogram; Ibs, pounds; kg/mm?, kilograms per
meters squared
DISCUSSION

This study investigated sonographic findings in the upper
and lower extremities in Division I female collegiate
volleyball players across the competitive season, including
associations between sonographic tendon measurements
and body composition variables at pre and postseason.
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These findings contribute novel data to further the
understanding of the effects of training and competition
on tendon health and provide insight into the potential use
of high-resolution USI as a screening tool to help identify
athletes at risk for developing pain or injury. Notably, this
study evaluated female collegiate athletes, a majority of
which identified as racial/ethnic minorities, providing data
on an athletic population largely underrepresented in the
scientific literature.

The results of this investigation reveal a generally high
prevalence of patellar tendon abnormalities at pre and
postseason, which is consistent with prior studies, including
the recent work by Cushman et al. that evaluated a variety
of Division I collegiate athletes and found the highest
prevalence of patellar tendon abnormalities among indoor
volleyball athletes.” This study found that sonographic
abnormalities in the patellar tendon were the most
common finding at pre and postseason; it also found that
sonographic abnormalities in the Achilles tendon showed
the largest increase from pre to postseason. Additionally,
athletes in our study developed significantly larger right
Achilles tendon CSA and right plantar facia thickness
throughout the competitive season. This may be associated
with jumping technique or approach/positioning for ball
striking, as 14 out of 16 were right-handed. Overall, the
number of athletes with sonographic tendon abnormalities
in 4 or more body regions increased significantly from a
single athlete at preseason to 7 athletes at the postseason,
a potentially meaningful finding informing sport-
specific training and recovery prescriptions throughout
the competitive season to reduce the risk of injury and
optimize athletic performance. This investigation was
unique in including and tracking sonographic bony
abnormalities at the various entheses evaluated, being most
prevalent at the Achilles-calcaneal enthesis. Interestingly,
most sonographic bony abnormalities observed during
the preseason examination were resolved by postseason
examination. No athletes had bony abnormalities in 4 or
more body regions at preseason, and only one athlete was
in the postseason.

This investigation was also unique in evaluating
associations between sonographic tendon measurements
and body composition variables. The strongest and most
persistent correlations were pre- and postseason Achilles
tendon measurements, which generally had large and
significant relationships to body segment-specific lean
mass and water content. While these findings suggest a
relationship between Achilles tendon size and segmental
muscle mass that may inform injury prevention and/or
training programs, the significance of such findings remains
unclear. Notably, among the several moderate and strong
correlations found at preseason examination between body
composition and shoulder, knee, and foot body regions —
whether analyzed individually or combining extremities
— all were absent at postseason examination, suggesting a
disparate impact of the competitive season on tendon size
and body composition.

These findings underscore the importance of monitoring
sonographic tendon health in collegiate volleyball
athletes across the competitive season, as abnormalities
may develop and/or progress over time, potentially
predisposing athletes to an increased risk of developing
pain or injury [5,7,15,16]. Additionally, the observed
interlimb differences in tendon size highlight the potential
importance of including bilateral limb comparisons in the
sonographic evaluation of an athlete to quantify ongoing
changes in soft tissue morphology, which may reflect sport
and/or athlete-specific adaptations to the physiological
training load and demands of the competitive season
[21,23,24]. This investigation’s evaluation of sonographic
tendon measurements and body composition variables
provides potentially valuable insights into the relationship
between tendon health and female athletes’ physique.
Future studies must clarify the relationship between body
composition and sonographic tendon measurements
to help elucidate underlying physiological mechanisms
influencing or mediating changes in tendon health, injury
risk, and performance optimization in collegiate athletes.

Limitations

First, this pilot investigation included a small sample size
of female collegiate volleyball athletes, limiting our study’s
statistical power and the generalizability of our findings.
Second, the novel method of describing and categorizing
sonographic bony abnormalities may not be clinically
meaningful and requires further investigation. Finally, the
lack of a control group (e.g., non-jumping, non-hitting
athletes) prevents comparison of sonographic findings
across the competitive season in other athletic populations,
limiting our findings’ generalizability.

CONCLUSIONS

This pilot investigation provides novel data and insights
into the effects of the competitive season on sonographic
findings in the upper and lower extremities in Division
I female volleyball athletes and the association between
sonographic tendon measurements and body composition
variables. These results inform the discussion about
using USI as a screening tool to prevent injuries and
optimize athletic performance and underscore the
importance of regular monitoring of tendon health in
athletes performing repetitive and forceful jumping and/
or overhead hitting activities. Future longitudinal studies
with larger sample sizes and comparison groups must
elucidate the relationship between sonographic findings,
body composition, athletic performance, and injury risk.
Additionally, the potential for interventional approaches
aimed at optimizing sport-specific tendon health and
body composition with particular emphasis on mitigating
injury risk and improving athletic performance should be
explored to enhance the well-being and performance of all
collegiate athletes.
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