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Title

Ultrasonographic assessment of patellar tendon thkoess at 16 clinically relevant

measurement sites — a study of intra- and interratereliability

Abstract

Objectives: To determine intra- and interrater reliabilitywfrasonographic imaging (USI) measurements of

patellar tendon (PT) thickness using 16 measuresits covering the entire tendon.
Design: Reliability study

Setting: Physiotherapy outpatient clinic

Participants: Twenty healthy and physically active volunteersv(8men). Mean age: 24 years (SD + 2.73).

Mean body mass: 75.8 kg (SD + 11.8).

Main outcome measuresintraclass correlation coefficient (ICC) and 95%its of agreement (LOA) in cm
and in percentage relative to the mean PT thickness

Results: Intrarater reliability ranged from 0.59 to 0.87 &n89 to 0.93 for examiner | and Il, respectively.
Interrater reliability ranged from 0.37 to 0.89. &serrement precision for examiner | ranged from €005
0.09 cm (17.5% to 26.7%) while ranging from 0.091b3 cm (13.3% to 38.7%) for examiner Il. Inteerat
measurement precision ranged from 0.07 to 0.151&11%6 to 42.5%).

Conclusion: In an attempt to replicate daily clinical USI piiaet this was the first study extensively
assessing reliability throughout the full rangehaf patellar tendon - revealing a considerableatian in
intra- and interrater reliability as well as mea&suent precision throughout the 16 individual P€ssitn a
clinical context, the low interrater reliability diprecision found at the proximal tendon insersaa may
have implications for USI of the symptomatic PT{las is the site mainly associated with underlying
pathologic changes. Further reliability studiesrageded to clarify the region-specific reliabildythe full

length PT.

Keywords. Knee; patellar tendon; reliability; ultrasonography; musculoskeletal disorders.
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INTRODUCTION

The use of musculoskeletal ultrasound imaging (lWSihe assessment of soft tissue structures is a
widely used, inexpensive imaging modality in bateearch and clinical settings (Finnoff, 2016).
With uniqgue dynamic properties and high-resolutroaging of soft tissue structures,
musculoskeletal US| has become a valuable todlerctinical examination of human tendons
(Grassi et al., 2000). The patellar tendon (PB) l®dy part that has been of particular interest in
the literature due to two main reasons. Firstlye thuthe prevalence of overuse injuries in the PT
which regularly leads to pain and disabling symgdMiller, 2013) in both athlete and non-athlete
populations (Lian et al., 2005), (Zwerver et aQ12). Secondly, due to its size, linearity and
superficial location above the anterior aspechefpatella, the patellar tendon (PT) is an ideal fi

for diagnostic USI (Miller, 2013). Sonographicaltiie healthy tendon appears hyperechoic due to a
strong fibrillar bundle with parallel superficiah@ deep surfaces, meaning that the healthy parts of
the tendon appear bright on a screen as the digndlerf bundle reflects a high degree of sound

waves from the USI transducer (Miller, 2013).

In contrast, the pathologic PT often appears hyjpoiecand thickened, meaning that the pathologic
part of the tendon appears dark on the screerrefeitts nearly no sound waves from the USI

transducer due to loss of the fibrillar pattern anelling (Miller, 2013), (Kainberger et al., 1997)

Since reduction in PT thickness might predict sasfid treatment outcomes following PT
tendinopathy (Fredberg et al., 2004) and sincestaiions have been found between reduced
tendon thickness and a decrease in pain (Mahowald, €011), evaluation of tendon thickness is a

particularly important clinical measure.

Due to the operator-dependent nature of diagnbkSic(Wakefield et al., 2005), reliability of USI

measurements of the PT has been the source ofiattémseveral studies in recent years (Black et
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al., 2004; Ekizos et al., 2013; Gellhorn and CarJs2013; Skou and Aalkjaer, 2013; Sunding et al.,
2014). However, previous studies on reliability?df measurements have focused exclusively on
one (Black et al., 2004; Gellhorn and Carlson, 2@kKbu and Aalkjaer, 2013; Sunding et al., 2014)
to three (Ekizos et al., 2013) sites, even thoudjHéngth PT USI is the common procedure in
clinical practice. This leaves not only a big gajhe existing knowledge on reliability of USI
measurements when applied on different parts oPthwvith different regional characteristics, but
also goes against the clinical guidelines for dasgic USI which recommend scanning the entire
PT for pathology (Martinoli, 2010). Thus, keepimgline with clinical recommendations, it is of
specific importance to provide USI reliability datavering the various regional aspects of the PT

to aid the clinician with region-specific relialylivalues when scanning the PT for pathology.

The aim of this study was to determine intra- artdrrater reliability of USI assessment of PT

thickness using clinically relevant measuremermiss{iL6 in total) covering the entire PT.

MATERIALS & METHODS

Participants

Twenty healthy and physically active volunteersv@men) were recruited using flyers posted at
University College of Northern Denmark and at agpbtherapy outpatient clinic where the study

took place. Mean age was 24 years (SD + 2.73) avittean body mass of 74.8 kg (SD + 11.8).

The study was carried out in a single sessiomigstpproximately 90 min per subject (see study

protocol for more details).

Participants were recruited with exclusion critdr@ang current or prior lower extremity pain within

the past 6 weeks leading up to the test sessiexiqus knee surgery as well as sports activities at
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elite-level. Furthermore, participants were toldefrain from lower limb strength training on the

day of testing.

This study was based on data collected for a dirassessment study in a physiotherapy outpatient
clinic; hence, approval from the Danish Data Prbd@acAgency was not needed. Written informed
consent was obtained from all participants on fopnwided by the local ethics committee and the

study was conducted in accordance with the Heldd&dlaration.

Examiners

USI measurements were performed with a SonoSiteS8-kbonoSite, Inc., Bothell, WA, USA)
with an HFL38x 13-6 MHz linear transducer. Two exgeced examiners familiar with using the

specific USI device in daily clinical practice panined the USI measurements.

Both examiners had followed and were teaching famraal musculoskeletal USI education for
doctors, physiotherapists and other healthcarepsadnals, where one part of the course has a
specific focus on the knee. Examiner | had 9 yeaexperience performing USI measurements
while examiner Il had 4 years of experience. Thengxers were not otherwise involved in

collection and synthesis of data.

Prior to the start of the study both examiners vearefully instructed in the test-setup and the
specific protocol which was based on the previousintioned education where scanning the entire
patella tendon is an inherent part of the educafithe examiners had two training sessions each,

with one examiner scanning while the other obsetliedscan.

The aim of the test session was to ensure thatéb@miners adhered to the protocol and were in
agreement of where to place cursors in order tioparthe measurements. Total time spent on
training of the protocol was approximately 8 hodrstoughout each test-session during the study

they were under supervision of a research assigiartsure adherence to the study protocol.
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Study protocol

The USI measurement protocol was set up in accoedaith the recommendations from the

European Society of Musculoskeletal Radiology (Matt, 2010).

Subjects were positioned in supine position onxamenation table with both knees flexed to
approximately 30° knee-flexion supported by a foushion underneath the popliteal area. By
keeping the target knee in slight flexion (30°paposed to fully extended, potential concave

anisotropies from the PT were avoided (Martindli1@).

Two successive bilateral measurements were pertbrmendom order on each subject by both
examiners resulting in one of the following orddrgght-left-right-left) or (left-right-left-right)

This order of measurements would force the exammegposition the transducer between the first
and second unilateral measurement. By placingdapethe measurement values on the screen, the
examiners were blinded to the results while thesee\still visible for the research assistant who
recorded each value. Four longitudinal clinicallervant PT sites were identified for analysis; apex

patella, 1 cm. under apex patella, tibial tubeyoaitd 1 cm. over tibial tuberosity.

>>>TABLE 1 HERE<<<

>>>FIGURE 1 HERE<<<

At each site, one longitudinal (central placemant) three transversal measurements were
performed, giving a total of 16 individual sitealfte 1 & figure 1). The scan depth was kept
constant at 1.8 cm and the measurement of PT théskwas performed by the built-in software
(figure 2, 3 & 4). Each test session lasted appnaxely 45 minutes and was performed

simultaneously on two subjects by the two examiimedifferent rooms.



116  After 45 minutes, the two examiners switched roamd thereby subjects. The straight succession
117 of each examiners measurements on the same sabgotd that no activity-induced effects on

118 tendon thickness was present between measurements.

119 >>>FIGURE 2 HERE<<<
120 >>>FIGURE 3 HERE<<<
121 >>>FIGURE 4 HERE<<<

122 Statistical analysis

123 All analyses were performed using IBM SPSS Stasistiersion 24.0. Only the participant’s

124 dominant leg was chosen for statistical analysaéa®n non-dominant leg are available as a

125 supplementary appendix (appendix A). Visual inspeocdf QQ-plots was conducted to ensure

126 normal distribution of data. Changes in PT thiclenestween the first and second measurement was
127 investigated using a Paired samplésst. To investigate potential learning effectsrawe range of

128 measurements of the 20 subjects, the randomly gttkblocks of participants received

129 consecutive identification numbers.

130 Evaluation of intrarater reliability for examineahd Il was conducted via two-way random effects,
131 single measure model (2,1), absolute agreementinygaelass correlation coefficient (ICC).
132 Interrater reliability using the mean of first asecond measurements was analyzed via two-way

133 random effects, average measure modet)(absolute agreement type ICC.

134  Since mean ratings have shown to improve measutgmecision compared to single ratings
135 (Skou and Aalkjaer, 2013), (Rathleff et al., 20Xd)ly means from examiner | and I, respectively
136 were derived for interrater reliability analysis BAand-Altman plot was constructed to graphically

137 assess agreement between the two examiners. Megsurprecision was evaluated by plotting
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1.96 standard deviations (SD) above and below t&nnof the difference scores, respectively. The
confidence interval ranging from 1.96 SD aboverttean of the difference scores to 1.96 SD below
represents 95% limits of agreement (LOA). LOA wi® gresented in percentage relative to the

mean PT thickness (LOA-%).

RESULTS

Results for PT thickness measurements for examimed |l are found in table 2 and 3,

respectively.

For examiner Il, the measurement sites 3b (p=0.888)4a (p=0.033) were significantly different
between the two measurements. Hence, these measursites were excluded from further
reliability testing for examiner Il. There was nonsistent evidence of learning effects over the
range of the 16 measurement sites when plottingitference in PT thickness between each

examiners first and second measurements againsttisecutive identification number of subjects.

>>>TABLE 2 HERE<<<

>>>TABLE 3 HERE<<<

Reliability

Results for intra- and interrater reliability foraeminer | and 1l are presented in table 4.

For illustrative purposes, the ICC results aregateed as low (0.0 — 0.50), moderate (0.50 — 0.75)
and good (>0.75) (Portney and Watkins, 2014). Harewe are well aware of the difficulties in
determining appropriate quality cut-offs for religlp (Weir, 2005). As such, the current

categorization should be viewed as crude estinuatlys

The ICC with 95% confidence interval (95% CI) foaeniner | ranged from moderate to good

(0.59 to 0.87) for all 16 measurements. The ICQ\WE% CI for examiner Il ranged from moderate
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to good (0.59 to 0.93) for 14 out of 16 measuremsarith two measurement sites (3b & 4a)
excluded due to a significant difference betweenfiist and second measurement. The interrater
ICC for examiner | and Il ranged from low to go®@d37 to 0.89) for all 14 interrater reliability

tested measurements.

>>>TABLE 4 HERE<<<

Measurement precision

Results for intra- and interrater LOA and LOA-% presented in table 5.

Visual inspection of the intrarater Bland Altmaiogsl for both examiners revealed no proportional
differences over the measurement range. For examitiee LOA (LOA-%) ranged from 0.05 to
0.09 cm (17.5% to 26.7%) for intrarater reliabilityer the range of the 16 PT measurement sites.
For examiner 11, the LOA (LOA %) for intrarater ability ranged from 0.04 to 0.13 cm. (13.3% -
38.7%) over the range of the 14 PT measuremerst $i@A (LOA-%) for interrater reliability

ranged from 0.07 to 0.15 cm (21% - 42.5%) overdmge of 14 PT measurement sites.

>>>TABLE 5 HERE<<<

Visual inspection of the interrater Bland Altmartsl suggested a proportional difference of
measurements for “AP” and “1LuAP”, however wherefitinto a linear regression analysis, normal
distribution of the difference scores was confirngee0.05) (figure 5). The remaining Bland

Altman plots revealed no systematic graphical diéffiees, represented by figure 6.

>>>FIGURE 5 HERE<<<

>>>FIGURE 6 HERE<<<

A summary of results for measurement reliabilitd @necision is presented in table 6.

>>>TABLE 6 HERE<<<
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DISCUSSION

This is the first study evaluating intra- and inéer reliability and measurement precision when
measuring PT thickness of the entire tendon usiBg lnitrarater reliability ranged from 0.59 to
0.93 for both examiners over the range of 14 ansite8, respectively. Results for interrater
reliability were within a wider range (0.37 to 0)88r the 14 assessed sites. Precision for inearat
measurements varied from 0.04 cm to 0.13 cm (13d338.7%) while ranging from 0.06 cm to

0.15 cm (19.1% to 42.5%) for interrater measurement

Previous intrarater- and interrater USI studiesnuscle- and tendon thickness reveal a cumulative
ICC range from 0.64 to 0.97 (Bentman et al., 2@li@eng et al., 2012; Costa et al., 2009; Craig et
al., 2008; Gellhorn and Carlson, 2013; Koppenhateai., 2009; Liang et al., 2007; O’Sullivan et
al., 2007; Rathleff et al., 2011; Skou and Aalkj&€13; Wallwork et al., 2007) and from 0.40 to
0.97, respectively (Bentman et al., 2010; Chergg.e2012; Gellhorn and Carlson, 2013;
O’Sullivan et al., 2007; Rathleff et al., 2011; Skand Aalkjaer, 2013; Wallwork et al., 2007).
Previous results on measurement precision (LOA&@al a cumulative range from 1.8% to 53%
for intrarater (Bentman et al., 2010; Bjordal ef 2003; Costa et al., 2009; Koppenhaver et al.,
2009; O’Connor et al., 2004; O’Sullivan et al., ZORathleff et al., 2011; Skou and Aalkjaer, 2013;
Springer et al., 2006; Wallwork et al., 2007; Yietgal., 2003) and 15.8% to 49% for interrater
(Bentman et al., 2010; O’Sullivan et al., 2007; &t et al., 2011; Skou and Aalkjaer, 2013;
Wallwork et al., 2007; Ying et al., 2003) for USérilved measures of muscle- and tendon
thickness. The considerable variation in reliapiéind measurement precision in USI studies is in
part reflective of the different structures beingasured, with proximity to bone, depth and
adjacent soft tissue, to a varying degree, inflirmnthe quality of the sonographic image. When

compared to deeper and irregular soft-tissue strest the PT is considered relatively feasible for

10
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USI examinations (Henderson et al., 2015). Yetvitte reliability- and precision range found in

our study indicates some degree of uncertainty.

In a study on PT measurement precision in healtlwjts, O’Connor et al. measured LOA-% 1 cm
above the tendons insertion onto the tibia tuberoteesponding to “1 0. TT” in our study and
found an intrarater LOA-% of 19% and 22% for measuwf long transverse axis width and 24%
and 32% for short axis transverse diameter. In@rtaOA-% was 22% and 27% for long axis and
short axis, respectively (O’Connor et al., 2004)e present findings on transverse axis PT
thickness at this measurement point revealed dasitnend with intrarater LOA-% values from
20.2% to 23.9% (examiner I) and from 14% to 22.8%a(niner Il) and interrater LOA-% from
21.5% to 22.1%. When studying intra- and interragéability of PT measurements, Gellhorn et al.
found an intrarater reliability from 0.87 to 0.9&dainterrater reliability of 0.90 and 0.92, when
measuring the cross-sectional area of the tendwn distal to apex patella (Gellhorn and Carlson,
2013). In our study, the longitudinal measureméntm distal to apex patella (1 u. AP) revealed
considerably lower intra- and interrater relialyilitf 0.59 to 0.84 and 0.50, respectively. The highl
standardized measurement protocol including stnagsnas external markers in the Gellhorn study
might partially explain the higher reliability vads found in this study. However, such extensive
measures of standardization might not adequatéibctehe use of USI in daily clinical practice.
Still, using a similar examination protocol aslie tturrent study, Skou et al. found an intrarater
reliability of 0.89-0.94 and interrater reliabilibf 0.78 with intrarater LOA of 0.07 cm. and
interrater LOA of 0.10 cm. for two examiners measgPT thickness in a longitudinal plane 1 cm
distal to apex patella (Skou and Aalkjaer, 2013)e Tindings in the Skou study reveal somewhat
higher ICC reliability scores for intrarater (0.8®84 vs. 0.59-0.84) and interrater (0.78 vs. 0.50)

when compared to our findings. This might indichita the task of identifying several

11
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measurement sites in one scanning session may oanger specificity at each individual site and

thereby reduce the reliability of measurements.

When comparing longitudinal and transverse plandirfigs at the same site in our study, ICC and
LOA results are largely consistent (Table 6). Hogrethere is a notable exception at the
measurement site 1 cm distal to Apex Patella (LudRh this site showing a considerably higher

interrater ICC for the transverse plane measuresn@m®7 vs. 0.50).

As such, transverse axis scans at 1UAP seems\tmenmore consistent PT thickness
measurements in our study. Interestingly, sinceptb&imal PT region is aligned in a cone shaped
structure, transversal thickness measurements wtithmetric tendon reference point at the
transversal axis, naturally becomes more diffitaitthe examiner to reproduce than longitudinal

measurements, where thickness can be measuretheigtid of metric reference points.

Coincidentally, higher measurement variability basn found for transverse axis PT thickness

scans (Fredberg et al., 2008) - making the prdsedihgs somewhat surprising.

As mentioned earlier, this is the first USI religiistudy using measurement sites covering the
entire PT, making the results more clinically reletz Previously, when studying the reliability of
more than one PT measurement site, Ekizos etwidfan average interrater reliability of 0.59,
combining findings on PT cross-sectional area ftbrae examiners on the proximal, and distal PT

borders as well as the metric midpoint (Ekizos.e813).

In particular, measurements at the proximal portibthe tendon showed the highest variability in

the study by Ekizos and colleagues (root mean sgaaige from 7.9 +3.9 nfto 16.1 +11.3 mf).

In our study, reliability values at the proximalrter (AP, 1a, 1b & 1c) revealed a mean interrater
reliability for both measurement planes rangingrfr@.37 to 0.64 with an LOA range of 0.14 - 0.15

cm. (37.7% to 40.4%) (Table 6). In comparison,dbeesponding measurements at the distal

12
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border (TT, 3a & 3c) revealed an interrater religbranging from 0.64 to 0.71 with LOA ranging
from 0.10 to 0.11 (25.9% to 27.5%). However, tlgmdicant difference between first and second
measurement for 3b indicates a certain degree asurement variability at the distal border as

well and may point to difficulties in reproducingeasurements near the tendon insertion sites.

Consequently, the frequently reported patholodioaings at the posterior, proximal aspect of the
PT (Helland et al., 2013; Johnson et al., 1996;rKdtzal., 1996) might be limited by the reliability

of measurements. One possible contributing factdine limited interrater reliability at various PT
points in our study might be that the mean wasvedrirom two measurements as opposed to three.
Previously, a mean consisting of three measurenasnt@posed to two has resulted in improved
intra- and interrater reliability as well as mea&sunent precision when applied in the evaluation of
plantar fascia (Rathleff et al., 2011) and transuerabdominis and lumbar multifidi muscles
(Koppenhaver et al., 2009). However, Skou et ainébno further improvement on intra- and
interrater reliability or measurement precision whising a mean of three measurements compared
to two in the evaluation of PT thickness (Skou Amatkjaer, 2013). Yet, regional PT characteristics
might influence the reliability of the mean of meesments to a varying degree. This might
especially hold true for measurements at the prakT region. As such, inclusion of means of

two and three measurements in this study would biaréied this relationship.

Both examiners were experienced US| examiners evdliped largely comparable intrarater
reliability scores over the range of measureméihdsvever, examiner Il had two sites (3b & 4a)

with statistically significant different PT thickse at the first compared to the second measurement.
This might be suggestive of a need for a more statized examination protocol and should be

considered in future studies.
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Put into a clinical context, this study providegiom-specific reliability data covering the entié.
This is important information for the clinician wiassessing the different parts of the PT for

pathology.

The limited agreement between examiners when asgdbg proximal portion of the PT suggests
some degree of uncertainty and should be takercorisideration when assessing the frequently
found pathologic changes in this region. Futuréistishould explore the reliability of
measurements retrieved at the proximal portionToirPpatients with specific overuse injuries as

this might be of clinical relevance when considgrireatment effects.

It is important to note that the current studyinsited by the fact that only healthy tendons were
studied, hence the findings cannot be extrapolatigdto pathological or degenerated tendons.
However, since pathological and degenerated tenolibers display a heterogeneous tendon
structure with blurred tendon margins (Grassi £t24100), reliability may be even more
compromised. Further studies testing the protosetlun this study on pathological and
degenerated PT are warranted and will aid with iga clinical insights into potential reliability

issues.

In conclusion, USI reliability assessment of PThkiness, using 16 measurement points covering
the entire PT revealed contrasting degrees ofhiétyaand measurement precision. Especially

interrater reliability and agreement fluctuatedtighout the range of measurements.

Further reliability studies on the different asjgeat PT are needed to clarify the uniformity of

region-specific PT examinations using USI.

Ethical approval

Obtainment of informed and written consent frompaliticipants on forms provided by the local

ethical committee was sufficient for the scopehid study.
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TABLES & FIGURES

TABLE 1

Table 1 |Measurement sites (n=16) of the patellar tendon.

Site Longitudinal Transversal

1a: Thickest middle third

AP AP 1b: Thickest medial third

1c: Thickest lateral third

2a: Thickest middle third

1u. AP 1u AP 2b: Thickest medial third

2c: Thickest lateral third

3a: Thickest middle third

T T 3b: Thickest medial third

3c: Thickest lateral third

4a: Thickest middle third

1o TT 1o TT 4b: Thickest medial third

4c: Thickest lateral third

Thickness (cm) was measured anteroposterior.
AP: Apex Patellal u. AP: 1 cm. under Apex Patella.
TT: Tibial Tuberosityl o. TT: 1 cm over Tibial Tuberosity.



TABLE 2

Table 2| Patellar tendon thickness (cm) on dominant leqfro
all 16 measurement sites for examiner |. Resultsegmted in
mean * SD.

Men Women Total
Sites (n=16) mc(ar;:nl(ls?D) me(gr?g()SD) mg;z(OS)D)
AP 0.47 (0.08) 0.40 (0.06) 0.44 (0.08)
la 0.33(0.05) 0.30 (0.06) 0.32(0.06)
b 0.35 (0.06) 0.32 (0.04) 0.34 (0.05)
1c 0.32 (0.04) 0.29 (0.03) 0.31 (0.04)
1u. AP 0.39 (0.07) 0.34 (0.05) 0.37 (0.06)
2a 0.33(0.06) 0.29 (0.05) 0.31 (0.06)
2b 0.33(0.05) 0.30 (0.03) 0.32 (0.05)
2c 0.33(0.04) 0.29 (0.04) 0.31 (0.04)
TT 0.45 (0.07) 0.42 (0.07) 0.44 (0.07)
3a 0.34 (0.06) 0.30 (0.05) 0.32 (0.06)
3b 0.34 (0.05) 0.32 (0.05) 0.33(0.05)
3c 0.34 (0.03) 0.31 (0.06) 0.33 (0.05)
10.7T 0.37 (0.06) 0.31 (0.05) 0.34 (0.06)
4a 0.33(0.05) 0.30 (0.05) 0.31 (0.05)
4b 0.33(0.04) 0.31 (0.04) 0.32 (0.04)

4c 0.32(0.03)  0.29 (0.04) 0.31 (0.04)




TABLE 3

Table 3| Patellar tendon thickness (cm) on dominant leqfro
all 16 measurement sites for examiner |l. Resuksegmted in
mean * SD.

Men Women Total
Sites (n=16) mg;\l(ls)D) me(gr?%)SD) mc(ar;:nz(OS?D)
AP 0.32 (0.06) 0.35 (0.08) 0.33(0.07)
la 0.37 (0.09) 0.29 (0.04) 0.33(0.08)
b 0.38 (0.10) 0.30 (0.04) 0.35 (0.09)
1c 0.35 (0.09) 0.28 (0.04) 0.32 (0.08)
1u. AP 0.30 (0.05) 0.31 (0.04) 0.30 (0.05)
2a 0.33(0.06) 0.28 (0.03) 0.31 (0.06)
2b 0.33 (0.06) 0.28 (0.03) 0.31 (0.06)
2c 0.35 (0.05) 0.27 (0.03) 0.31 (0.06)
TT 0.42 (0.06) 0.38(0.07) 0.40 (0.06)
3a 0.38 (0.06) 0.33(0.05) 0.36 (0.06)
3b 0.36 (0.05) 0.31 (0.05) 0.34 (0.06)*
3c 0.39 (0.06) 0.32(0.04) 0.36 (0.06)
10.7T 0.36 (0.05) 0.32 (0.05) 0.34 (0.05)
4a 0.34 (0.05) 0.29 (0.05) 0.31 (0.05)*
4b 0.33(0.04) 0.29 (0.04) 0.31 (0.05)
4c 0.35 (0.05) 0.28 (0.05) 0.32 (0.06)

*Significant different patellar tendon thicknesgsween first and second
measurements (p<0.05).



TABLE 4

Table 4 |Intra- & Interrater reliability results for both
examiners. ICC, (95% CI).

Examiner | Examiner Il Examiner | + Il

AP A 0.86 A 081 ¥ 0.37
(0.68-0.94) (0.59 -0.92) (-0.11—0.58)

1a A 080 A 0.79 > 0.66
(0.57-0.92) (0.55-0.91) (0.15 - 0.86)
1b A 085 > 0.72 > 0.62
(0.57-0.92) (0.42-0.88) (0.02 - 0.85)
1ic » 0.75 > 0.71 » 0.65
(0.47 -0.89) (0.40-0.88) (0.09 - 0.86)
1u.AP 4084 > 059 » 0.50
(0.65-0.93) (0.21-0.81) (-0.25-0.82)
2a A 083 A 0382 A 089
(0.62-0.93) (0.61-0.93) (0.73 - 0.96)
2b A 077 A 093 A 087
(0.51-0.90) (0.84-0.97) (0.67 - 0.95)
2c > 0.66 A 0383 A 086
(0.32-0.85) (0.62-0.93) (0.65 - 0.94)
T » 0.75 A 0388 > 0.71
(0.47-0.89) (0.72-0.95) (0.24 - 0.89)
3a A 087 A 0.86 A 079
(0.71-0.95) (0.68-0.94) (0.09 - 0.94)
3b > 0.68
(0.36 - 0.86) * *
3c » 0.59 A 084 v 0.48

(0.21-0.82) (0.64-0.93) (-0.15-0.78)

10.TT 4 084 A 078 A 0386
(0.65-0.94) (0.53-0.91) (0.65 - 0.95)

4a > 0.72
(0.43 - 0.88) * *
b > 0.72 A 0.89 A 0.80

(0.42-0.88) (0.74-0.95) (0.50 - 0.92)

4c > 0.71 A 0381 A 0.84
(0.41-0.87) (0.58-0.92) (0.61-0.94)

A (ICC >0.75) = good reliability

» (ICC 0.50 — 0.75) = moderate reliability

V¥ (ICC 0.0 — 0.50) = low reliability

*Excluded from the reliability analysis due to siggant difference
in PT thickness between first and second measuttemen



TABLE 5

Table 5 |Intra- & interrater reliability presented as 95%
LOA (cm) and as percentage of the mean PT thick{#ss

Examiner | Examiner Il Examiner | + Il

LOA LOA LOA LOA LOA LOA
(cm) (%) (cm) (%) (cm) (%)

AP 0.09 195 0.09 26.1 0.15 37.7

la 0.07 221 011 326 0.14 41.9

1b 0.05 16.1 0.13 387 0.15 42.5

1c 005 176 012 374 0.12 36.9

l1u AP 0.07 192 0.09 288 0.10 28.6

2a 0.07 21.0 0.07 223 0.07 21.7

2b 0.07 20.7 0.04 133 0.07 21.9

2c 0.07 225 0.07 21.2 0.07 21.3

TT 0.09 214 0.06 155 0.11 25.9

3a 0.06 175 0.06 17.8 0.07 21.0

3b 0.08 234 * * * *

3c 0.09 26.7 0.07 20.2 0.12 33.9

lo.TT 0.07 202 0.07 211 0.08 22.5

4a 0.08 239 * * * *

4b 0.07 205 0.04 140 0.07 215

4c 0.06 20.2 0.07 225 0.07 22.1

*Excluded from measurement precision analysis dusgnificant
difference in PT thickness between first and secordsurements.



TABLE 6

Table 6 |Intra- and interratereliability and precision of the four
longitudinal plane measurement sites.

Longitudinal Transversal

EX1 EX1I EXI+1 EX1 EXII  EXI+]1l
AP
ICC 0.86 0.81 0.37 0.80 0.74 0.64
LOA 0.09 0.09 0.15 0.06 0.12 0.14
LOA-% 195 26.1 37.7 186 36.2 40.4
1uAP
ICC 0.84 0.59 0.50 0.75 0.86 0.87
LOA 0.07 0.09 0.10 0.07 0.06 0.07
LOA-% 19.2 28.8 28.6 21.4 189 21.6
TT
ICC 0.75 0.88 0.71 0.71 0.79* 0.64*
LOA 0.09 0.06 0.11 0.08 0.07* 0.10*
LOA-% 21.4 15.5 25.9 225 19.0* 27.5*%
10TT
ICC 0.84 0.78 0.86 0.72 0.85* 0.82*
LOA 0.07 0.07 0.08 0.07 0.06* 0.07*
LOA-% 20.2 21.1 22.5 215 18.3* 21.8*

Results are divided between longitudinal axis seamtstransverse axis scans.
Transverse axis results are presented as the mé#amtoansverse
measurements: a (middle third), b (medial third) arflateral third) at each

of the four sites. EX: Examiner.

*Since there was a significant difference in PTkhiess between first and
second measurement on 3b and 4a for examinerlyitwo transversal sites
were used for the derivation of means at thess.site



FIGURE 1

Figure 1| Images of the knee with longitudinal (a) and tremsal (b)
measurement sites depicted.

Image 1a: Longitudinal plane thickness measurememjsaiere conducted at
Apex Patella (AP), 1 cm. distal from Apex Patella&P), 1 cm. proximal from
the Tibial Tuberosity (10TT) and at the Tibial tobsty (TT).

Image 1b: Transversal plane thickness measurements (¢) veerducted at the
thickest part of the middle- (a), medial- (b) aatetal (c) third of the tendon at;
AP (1), 1uAP (2), TT (3) and 10TT (4).
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FIGURE 2

Figure 2 | Sonographic image of measurement site (AP & 1uAP).

Image above: Longitudinal anteroposterior thickness measureroEAP (C)
and 1uAP (A), respectively. LUAP was found by tmgcl cm. distally from
the posterior border of AP parallel with the tendibres (B).

FIGURE 3

Figure 3| Sonographic image of measurement site (Transversal)

Image above: Transversal anteroposterior thickness measurernéttis
patellar tendon. C represents the thickest lateial, A represents the
thickest middle third and B represents the thickestlial third.
Transversal thickness measurements were perfortithd following sites:
=  Apex Patella, represented by the above image (&, Ic)

. 1 cm. distal to Apex Patella (2a, 2b & 2¢)

. Tibial tuberosity (3a, 3b & 3c)

. 1 cm. proximal to the Tibial tuberosity (4a, 4b &4
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FIGURE 4

Figure 4| Sonographic image of measurement site (TT & 10TT)

Image above: Longitudinal anteroposterior thickness measureroktite
TT (C) and 1uTT (B). 1uTT was found by tracing 1.g@roximally from
the posterior border of TT parallel with the tendibmes (B).

FIGURE 5

Figure 5 | Interrater Bland Altman plot with 95% limits of
agreement (dotted black lines) for the measuresiemAP.
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The regression analysis (dotted blue line) reveatedystematic
different distribution of scores (p=0.519). Theatmeasurement
site (1 cm. u. AP) with a visually suggested prdéipoel biased trend
of difference scores was similarly non-significanthe regression
analysis (p=0.073) (plot not shown).
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FIGURE 6

Figure 6 | InterraterBland Altman plot with 95% limits of
agreement (dotted black lines) of the measurenienisTT.
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This representative Bland Altman plot showed naesyatic different
distribution of measurements. Bland Altman plotshef other
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Appendix A

Reliability and precision for non-dominant leg

Table 1| Patellar tendon thickness (cm) on non-dominanfriezm all 16

. . - Table 2 | Patellar tendon thickness (cm) on non-dominanfriezm all 16
measurement points for examiner |. Results predéntmean + SD.

measurement points for examiner Il. Results preskint mean + SD.

meastj I:r ement (r’:iiq) Wl\ﬁgenn((SnD)g) Tl\ztilnn(resg)» meastlj) ':I' ement (r’:iir:]L) Wl\ﬁ ;enn((nss)g ) T,\;’tgn(?;é()»

points Mean (SD) points Mean (SD)
AP 045(008)  042(005  0.43(0.07)" AP 0.34(0.06) _ 035(006)  0.35(0.06)
la 035(0.06) ~ 032(0,04)  033(0.06) 1a 039(008)  031(0,05  0.36 (0.08)
1 036(0.06)  031(004  0:34(0.06) 1o 042(0.10)  0.33(0.06)  0.38 (0.09)*
le 035(0.05  031(0.03)  033(0.05 1c 038(0.09)  029(0.04)  0.34(0.08)

tu-AP 038(007)  034(0.06*  0.36 (0.07)* 1u. AP 033(0.07)  032(007)  0.32(0.07)
2a 034(007)  031(003)  032(0.06) 2a 034(0.06)  029(0.03)  0.32(0.06)*
2b 034(005)  030(003)  032(0.05) % 034(0.05)  028(0.03)  0.32(0.05)
x 033(006)  032(004  032(0.05) 2c 0.34(0.04)  028(0.03)  0.31(0.05)
i 045(007)  040(006)  043(0.07) T 042 (0.06)  0.35(0.05)  0.39(0.07)
3a 035(0.05  030(0.05  0.33(0.06) 3a 040 (0.06)  0.33(0.05)  0.37 (0.07)
3o 034(0.06)  029(0.04)  0.32(0.06) 3b 037(0.05)  0.32(0.04)  0.35(0.05)
3 035(007)  033(004)  0:34(0.06) 3c 040 (0.05)  0.34(0.03)  0.37 (0.05)

to.TT 035(005  031(005  0:34(0.06) 1o.7T 038(0.05) 032 (0.04  0.35(0.05)
42 034(007)  030(004)  032(0,06) 4a 036(0,05)  029(0,04) 0,33 (0,06)
4b 034(0.05  0.29(0.05)  032(0.06)* b 035(0.06)  0.28(0.03)  0.32(0.06)
4c 033(0.05  030(0.03)  031(0.05 ac 036(0.06)  0.30(0.03)  0.33 (0.06)

*Significantly different patellar tendon thicknesstween first and second

measurement (p<0.05).

Table 3| Intra- & Interrater reliability on non-dominangle
for both examiners. ICC, (95% CI).

Examiner |

Examiner I

Examiner | + Il

*Significantly different patellar tendon thickndsstween first and
second measurement (p<0.05).

Table4 | Intra- & interrater reliability for non-dominantdepresented as

95% LOA and as percentage of the mean PT thickii€34& %)

Examiner | Examiner Il Examiner | + 11
AP * 63'76?0. 86) * LOA LOA LOA LOA LOA LOA
la > 0.61 A 0.80 A 0.85 (Cin) (0/*0) (cm) (%) (Cnl) (%1
(0.25-0.83) (0.56-0.91) (0.62-0.94) AP 010 303
b > 0.71 la 011 324 010 285 0,09 25,9
(0.39 - 0.87) * * 1b 0,09 255 * * * *
1c > 061 A 083 > 0.74 1c 0,09 276 010 29,6 0,12 35,5
(0.25-0.82) (0.61-0.93) (0.35-0.90) lu.AP = * 0,10 29,9 * *
1u. AP R A 0.77 R 2a 0,06 189 * * * *
(0.51 - 0.90) 2b 0,07 21,3 0,09 275 0,06 20,2
2a A 0.87 " N 2c 0,08 239 0,06 188 0,07 22,2
(0.70-0.94) TT 012 280 009 223 015 356
2b A 0.76 > 0.70 A 089 3a 005 154 006 162 010 295
- (2'307'5‘)'90) (2"(‘)08'20'87) (2'228'40'96) 3 009 286 007 2.1 006 191
(0.47 -0.89) (0.61-0.93) (0.61-0.94) 3 008 221 010 266 0,10 28,7
T > 072 4080 > 053 10.TT 0,07 203 0,08 216 0,09 26,5
(0.42-0.88) (0.56-0.92) (0.07 - 0.83) 4a 006 187 007 225 007 219
3a A 0.90 A 0.90 > 0.72 4b * * 009 284 * *
(0.77 -0.96) (0.78 - 0.96) (0.20 - 0.89) 4c 006 20,7 0,08 226 0,07 22,1
3b » 0.74 » 0.75 A 085 *Excluded from measurement precision analysis duegignificant
(0.47 -0.89) (0.48-0.89) (0.36-0.95) Difference in PT thickness between first and seqoedsurement.
3c A 0.80 » 0.66 » 0.67
(0.57-0.92) (0.31-0.85) (0.15-0.87)
10.TT A 0.83 A0.78 A 0.78
(0.62-0.93) (0.53-0.91) (0.45-0.91)
4a A 0.89 A 0.82 A 091
(0.74-0.96) (0.61-0.93) (0.76 - 0.96)
4b R » 0.73 R
(0.44 - 0.88)
4c A0.78 A 0.80 A 0.83
(0.52-0.90) (0.56-0.92) (0.53-0.94)

A (ICC > 0.75) = good reliability
» (ICC 0.50 — 0.75) = moderate reliability
V¥V (ICC 0.0 — 0.50) = low reliability
*Excluded from reliability due to a significant tkfence

In PT thickness between first and second measuitemen
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