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Background: Lateral elbow tendinopathy (LET) is one of the most common causes of musculoskeletal pain. The diagnosis is based
on the clinical history and different physical maneuvers. Ultrasound (US) is a complementary diagnostic method to detect degenerative
tendon changes and intrasubstance tears (IST). To date, there is no available physical maneuver to identify an IST in patients with LET.
Aim: To evaluate the diagnostic accuracy of an index test to detect an IST confirmed by ultrasound in patients with LET.
Methods: A diagnostic retrospective study was performed. Patients who presented medical records with LET were recruited. Two
orthopaedic surgeons developed the physical maneuver. The index test was considered positive when the position failed to resist the
wrist extension maximum effort. Clinical findings were associated with confirmation of IST by US. Data were calculated using
diagnostic accuracy, sensitivity, and specificity with 95% confidence intervals.

Results: Thirty-nine patients (39 elbows) were analyzed, 25 (64%) women and 14 (36%) men, with an average age of 47.7 years. The
index test’s sensitivity was 0.86 (95% CI, 0.67-0.96). Accuracy was 0.79 (95% CI, 0.64-0.91), and the specificity was 0.64 (95% CI,
0.31-0.89).

Conclusion: The index test presented very good sensitivity and good accuracy in patients with LET with US diagnostic confirmation
of IST.

Level of Evidence: Diagnostic study, Level III.

Keywords: accuracy, diagnosis, sensitivity, specificity, tennis elbow

Introduction

Lateral elbow tendinopathy (LET), also commonly referred to as “tennis elbow”,' is one of the most common causes of
pain in the elbow.” This condition affects the tendinous insertion of the wrist extensor muscles at the lateral epicondyle.’
Despite advances in the treatment, over 80% of cases recover within one year.*

LET diagnosis is based on an insidious history of pain in the lateral aspect of the elbow with irradiation down the
extensor aspect of the forearm.” The clinical examination can be complemented with provocation tests. The Cozen’s,
Mill’s, or Maudsley’s tests are the most used® in clinical practice and research for their diagnostic validity.” All of these
physical maneuvers are positive in the presence of lateral epicondylar pain.® Nevertheless, it cannot detect degenerative
tendon changes, such as bone irregularities, calcific deposits, neovascularization, thickening, thinning, and tears.

For this reason, imaging diagnostic is used as a complementary method for examining the structural changes on the
elbow’s common extensor tendon (CET). Studies have proven that magnetic resonance imaging (MRI) is a reliable tool
in determining the radiological severity of LET.”'® However, ultrasonography (US) is often used to assess this disorder'"
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because it is more accurate and cost-effective. US findings have been well documented'? and can be helpful to detect
degenerative tendon signs,'® and even better to detect intrasubstance tear (IST) over than MRI.'

There is no consensus in the current literature on the most important abnormal US findings that confirm LET."® The
IST is one of the most important because the repair process is slow and characterized by a scar with mechanically inferior
tissue, at least initially.'® Impacting on peoples’ quality of life represents an enormous economic burden on the
worldwide healthcare system'” due to lost workdays and can even disable some patients from working for weeks,'®
Figure 1.

Traditionally, a long subjective history of pain, physical examination, and diagnostic imaging are used interchange-
ably or in conjunction for the clinical diagnosis of LET in the absence of a “gold diagnostic standard.” Most clinical tests
are based on the provocation of symptoms, while imaging aims to identify degenerative tissue changes or abnormalities.’
Although numerous clinical tests for LET are described in the literature, provocative maneuvers are typically used to
pinpoint or isolate specific tissues with pathology. To date, there is no available provocative maneuver to identify
a specific IST of the CET in patients with LET.

Therefore, this study aimed to evaluate the diagnostic accuracy of an index test to detect an IST confirmed by
ultrasound in patients with LET. We hypothesized that the index test would have high sensitivity and accuracy to detect
IST in patients with LET. Secondly, we propose that nocturnal pain also presents similar values to the index test.

Methods
Ethics Statement

This study has been performed following the latest version of the Declaration of Helsinki and the Chilean scientific
legislation. The study was approved by the “Comité de Etica Cientifico Adulto del Servicio Metropolitano Oriente de la
ciudad de Santiago de Chile (SSMO)”. The ethical committee required no informed consent given the retrospective
design of the study. The project was approved on November 23, 2021. No approval number was recorded. The
participants’ privacy, such as confirmation that the data was anonymized and maintained with confidentiality.

Study Design

This research was designed as a diagnostic retrospective and multicentric study. It was written following the Reporting
Diagnostic Accuracy Studies (STARD) guideline.'® All patients’ records with an elbow ultrasound exam at MEDS Clinic
in Santiago, Region Metropolitana, Chile, were selected from January 1st, 2020, to June 30th, 2020. This study started on
December 15th, 2021.

Figure | Ultrasound of common extensor tendon. Intrasubstance tear confirmation in the common extensor tendon of the right elbow using musculoskeletal ultrasound.
Female patient with 62 years. Distance A was 7.7 millimeters, and distance B was 2.0 millimeters.
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Participants

The eligibility criteria were all the electronic records of patients of both genders, over 18 years old, with LET suspicion
with any unilateral or bilateral signs or symptoms in the selected period. Inclusion criteria considered first episode with
pain from one week to six weeks, tenderness to palpation at the lateral epicondyle, and positive presence of any classical
maneuvers such as Cozen’s, Mill’s, or Maudsley’s tests. We have also included pain at night, and tendon tear was
confirmed with an ultrasound exam. This technique is not the gold standard as an MRI. However, ultrasonography is
a valuable imaging modality that can be used as a screening tool in LET. Intrasubstance tear was defined as a linear
hypoechoic focus associated with discontinuity of tendon fibers.>° Exclusion criteria were any previous treatment such as
platelet-rich plasma (PRP), corticoid injection, or surgical intervention. Other diagnoses for lateral elbow pain, fracture
around the elbow, shoulder, or neck condition were also excluded.

Sample Size
The sample size was estimated at least 28 subjects’ medical and ultrasound records, using information from two studies
published in 2009 and 2014, respectively.'~>

Instrumentation

Our medical imaging software (Carestream RIS, v.11) allows a word search of the whole electronic ultrasound exam
record database. Only GD and other external professional SM had access to the information and generated an online
database structure with the inclusion criteria.

The exams were diagnosed by five musculoskeletal radiologists with more than ten years of experience. Only NG was
the author of this article. Although ultrasound is a very operator-dependent diagnostic modality, the concordance between
the five musculoskeletal radiologists was not measured. The professionals used an Aplio 500 US system (Toshiba
America Medical Systems, Inc., Tustin, CA, ca.medical.canon) equipped with a multifrequency linear transducer with
a frequency of 18 MHz to inform the IST in the LET exams.

Physical Maneuver
All patients were tested with the index test by two orthopaedic surgeon’s specialists in elbow and hand pathologies (CG,
AV) with more than 15 years of practice each of them. The concordance between orthopaedic surgeon’s elbow specialists
was not measured either.

The patients were positioned in a sitting position with the shoulder slightly abducted, elbow flexed to 90°, forearm
pronated, and wrist flexed so that the palm would face downwards. Then, the orthopedic surgeon stood beside the
patient’s affected side and resisted the maximum wrist extension effort (Figure 2). While maintaining this position,
failure to resist the maximum wrist extension effort indicated a positive sign of this new physical maneuver (Figure 3).

Figure 2 Index test initial position. Maximum wrist extension effort against resistance.
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Figure 3 Index test final position. The index test is positive when patients fail to resist.

Clinical findings established to be associated with extensor tendon tear when patients were failed to resist the maximum
dorsal wrist extension effort against resistance and presented nocturnal pain.
Another author (GD) identified the US exams and confirmed the presence or absence of IST.

Statistical Analysis

Data were calculated using diagnostic accuracy (Ac), sensitivity (Sn), and specificity (Sp). The first step was to build a 2
x 2 table with patients divided by IST into rows and categories according to the index test, nocturnal pain, and
Cozen’s test results in columns.

True-positive (TP) was defined as the number of cases correctly identified with IST. False-positive (FP) was the
number of cases incorrectly identified with IST. True-negative (TN) was the number of cases correctly identified with
IST, and False-negative (FN) was the number of cases incorrectly identified with IST.>* Ac was the correctly classified.
In other words, it is correctly differentiating the patient with and without IST. The Ac has identified the proportion of true
positive and true negative in all evaluated cases (TP+TN)/(TP+TN+FP+FN). Sn was expressed in percentage and defined
the proportion of TP patients with the IST in a total group of patients with the tendon condition (TP/TP+FN). Sp was
a measure of diagnostic test accuracy, complementary to sensitivity. It was defined as a proportion of patients without the
IST with a negative test result in a total of subjects without IST (TN/TN+FP).>* Ninety-five percent confidence intervals
(95% CI) also were calculated for all diagnostic metrics.

Positive and negative predictive values were not calculated because they largely depend on disease prevalence in the
examined population. We assumed that all patients had symptoms when they were examined. The ROC curve was not
calculated because we presented binary outcomes, with few thresholds significantly underestimating the real area under
the curve.*>¢

Neither final exposure variables nor outcome data presented missing values. Missing data analysis showed that
missingness was at random. All graphs and analyses were performed using R (The R Foundation for Statistical
Computing, v. 3.6.2) and RStudio, v.4.1.0.

Results

Participants
Forty-one patients were analyzed in this study. However, thirty-nine patients (39 elbows) presented complete information
for the statistical analysis, Figure 4.

The sample was constituted of 25 (64%) women and 14 (36%) men. The average age was 47.7 years (range 34 to 69
years). Of the total elbows, 37 (95%) were affected by the dominant side, and 32 (82%) were on the right side. Twenty-
three patients (59%) reported nocturnal pain. Thirty-three patients (85%) presented a positive sign in the Cozen’s Test.
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Figure 4 STARD flow diagram of the study.
Abbreviation: n, number of patient’s medical records.

Twenty-eight (72%) patients presented an intrasubstance tear, and other twenty-eight patients also had a positive sign in
the index test. Table 1 shows the baseline demographic and clinical characteristics of participants.

Test Results

Overall, the index test’s accuracy (0.79; 95% CI, 0.64—0.91) was superior to the presence of nocturnal pain (0.72; 95%
CI, 0.55-0.85) and positive sign in the Cozen’s test (0.61; 95% CI, 0.45-0.77). The index test’s sensitivity or true positive
rate (0.86; 95% CI, 0.67-0.96) was close to the nocturnal pain (0.87; 95% CI, 0.66—0.97) but higher than the Cozen’s test
(0.70; 95% CI, 0.51-0.84). Finally, the index test’s specificity or true negative rate (0.64; 95% CI, 0.31-0.89) was
significantly higher than the nocturnal pain report (0.5; 95% CI, 0.25-0.75) and the Cozen-s test (0.17; 95% CI, 0.00—
0.64). Table 2 shows diagnostic accuracy and precision (with 95% confidence intervals). Any adverse events were not
recorded from performing the index test or the reference standard.

Discussion

The primary aim of this study was to evaluate the diagnostic accuracy of an index test to detect an IST confirmed by US
in patients with LET. Our secondary aim was to propose that the nocturnal pain also presents similar values to the index
test. Two orthopaedic surgeons developed the evaluation. A novel physical maneuver was applied to the diagnostic
clinical experience of the professionals, electronic medical records, and ultrasound exams to confirm a LET with the
presence of an IST.
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Table | Demographics Characteristics and Findings Examination

Id | Sex | Age | Dominant | Injury | IST | Nocturnal | Cozen | Index Test
| 0 49 | | | | | |
2 0 54 | | 0 0 | 0
3 0 42 | | | | | |
4 0 49 | | | | | |
5 | 41 | 0 | [ | 0
6 0 49 | | 0 0 | 0
7 | 43 | 0 | 0 0 |
8 | 41 | | | 0 | 0
9 | 69 | | | 0 | |
10 0 47 | [ [ [ | |
] | 48 | [ [ 0 0 0
12 0 44 | [ [ 0 | |
13 | 43 | | 0 | | |
14 0 45 | 0 [ | | |
15 0 48 | | | 0 | |
16 0 36 | | 0 0 | 0
17 0 48 | | | | | |
18 0 38 | | 0 0 | 0
19 0 50 | | | | | |
20 0 55 | | | [ | |
21 0 51 | | | [ | |
22 0 56 | [ [ [ 0 |
23 | 41 | [ [ [ 0 |
24 | 34 | | [ | | |
25 | 56 | | | 0 | 0
26 | 44 | | [ | | |
27 0 44 | | | | [ |
28 0 44 | | 0 0 [ 0
29 0 45 | | 0 0 | |
30 | 40 | | | | 0 |
31 0 48 | 0 0 0 | 0
32 | 67 | 0 | | | |
33 | 57 | | | [ | |
34 0 55 | | | [ | |
35 0 34 | | | 0 | |
36 | 43 0 0 0 0 | 0
37 0 48 | [ | | | |
38 0 59 0 [ 0 | | |
39 0 57 | 0 0 | 0 |

Abbreviations: Id, identifier; Sex F, female; Sex M, male; Dominant 0, left; Dominant |, right; Injury 0, left;
Injury I, right; IST 0, no intrasubstance tear; IST |, intrasubstance tear; Nocturnal 0, no presence; Nocturnal |,
presence; Cozen 0, no presence; Cozen |, presence; Index test 0, no presence; Index test |, presence.

Table 2 Diagnostic Measures of the Index Test, Nocturnal Presence and Cozen’s Test

Examination Accuracy [95% CI] | Sensitivity (TPR) [95% CI] | Specificity (TNR) [95% CI]
Index test 0.79 (0.64, 0.91) 0.86 (0.67, 0.96) 0.64 (0.31, 0.89)
Nocturnal presence 0.72 (0.55, 0.85) 0.87 (0.66, 0.97) 0.5 (0.25, 0.75)
Cozen’s test 0.61 (0.45, 0.77) 0.70 (0.51, 0.84) 0.17 (0.00, 0.64)

Abbreviations: TPR, true positive rate; TNR, true negative rate; Cl, confidence interval.
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The findings from the current study evidenced that nearly ninety percent of patients were correctly diagnosed when
the index test was positive, and the presence of IST by ultrasound was confirmed. This result could be potentially
explained by the high clinical acuity and the expertise of specialist physicians. Furthermore, data showed strong evidence
in the proportion of correctly classified subjects among all subjects, also called diagnostic accuracy (effectiveness). This
research’s value was nearly 80%, classified as very good. Also, there is some evidence that the index test had a particular
ability in detecting patients who did not have the disease when the test was negative, also called specificity. This value
was lower than the two others, and this could be explained because the specificity is the probability that the test will
correctly classify healthy individuals or the probability that healthy individuals will have a negative result. In this case,
all the patients were previously diagnosed with LET.

As we mentioned, LET diagnosis is confirmed using different clinical and imagenological strategies. One of the most
used in the clinical practice is the reproduction of provocative physical maneuvers for LET such as Cozen’s test, Mill’s
test, Maudsley’s test, and Polk’s test.2”-*® While these tests have been extensively described in the literature, numerous
clinical tests for the LET not accompany the condition on diagnostic accuracy.”” Indeed, the diagnostic capacity of these
clinical provocation tests to confirm LET is under-investigated.>® Despite this, the Cozen test is the only one recom-
mended by the United Kingdom Health Safety Executive Workshop to diagnose LET.>' For this reason, the authors
explored the Cozen test performance in the same sample of patients. Surprisingly, we found the lowest sensitivity,
specificity, and accuracy values. This could suggest that the Cozen’s test is not the best physical maneuver in patients
with IST suspected.

Other authors have studied the reproduction of pain during daily activities for LET diagnosis. Since 1970, lifting
a chair with a pronated hand and a modified chair pick-up test is one of the most used tests to diagnose LET.*
Researchers recently determined that the upper limb position affects pain-free grip strength in LET.*> However, most of
these diagnostic tests have in common that they do not discriminate according to the type of ultrasonographic finding
such an IST. They only make the diagnosis by confirming the presence or absence of the LET condition. For this reason,
detecting the presence or absence of the condition is not enough. To the authors’ knowledge and experience, detecting
IST is crucial in determining the best therapeutic outcomes in patients with LET. Tendon tear is the final phase of the
degenerative tissue process, and the number of US findings could determine the severity of the tendinopathy.?’

On the other hand, severe pain may cause sleep disturbance.>* According to the authors’ experience, nocturnal pain is
typical of patients with tendon tears. The results section demonstrated a higher sensitivity with this clinical sign but
a moderate specificity. To date, this is the only study in the recent literature that attempts to identify a physical maneuver
and nocturnal sign independently with the presence of an intrasubstance tendon tear diagnosed by musculoskeletal
ultrasound in patients with LET.

This study has some limitations. First, it was a retrospective design, which is often considered inferior to prospective,
randomized, and controlled clinical trials.*”> Inter- and intra-rater reliability between radiologists and orthopaedic
surgeons were not considered, losing external validity. Further limitations include only ultrasound diagnosis confirmation
of IST, not included other imagenological findings, hindering results generalization. An additional limitation was that this
study focused solely on the presence of IST and the positive sign of the index test and the nocturnal pain, but not pain
scores, evolution times, physical activity levels, comorbidities, and other clinical manifestations were included. Finally,
binary outcomes considered did not allow for more complex statistical analyses.

Future studies require reproducibility and the implementation of the new test. A cohort design with a bigger sample
size, inter- and intra-rater reliability between professionals, and continuous variables for analysis should be considered.

Conclusion

In summary, this study provides a new physical maneuver and clinical sign for the advanced diagnosis of LET with
concomitant intrasubstance tear. The index test and nocturnal pain presented very good sensitivity and good accuracy in
patients with IST. These findings are not a definitive conclusion. Further research is necessary to provide more robust
evidence to establish the effectiveness of the index test and nocturnal pain presence to diagnose IST in patients with LET.
Perhaps more importantly, these findings provide more information to clinicians for more accurate LET diagnoses.
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