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ABSTRACT

Objectives: The aims of this study were to develop a clinical-feature based scoring
system for muscle injury screening and to assess its diagnostic accuracy when large
number of injuries are suspected.

Methods: A prospective diagnostic accuracy study was performed according to the
Standards for Reporting of Diagnostic Accuracy (STARD) criteria. The diagnostic
accuracy of the Strength and Pain Assessment (SPA) score (index test) was assessed in
relation to muscle ultrasonography (reference standard). A large (n=175) number of
male soccer players met the inclusion/exclusion criteria: clinical assessment (i.e.,
evaluation of pain onset modality, location, distribution, impact on performance, and
manual muscle strength testing) and ultrasonography were performed in all players
after 48 hours from the sudden or progressive onset of muscle pain during or after a
soccer competition.

Results: 91 of 175 cases (52%) were classified as functional muscle disorders, while
signs of muscle tear were observed in the remaining 84 of 175 (48%) cases that were
classified as structural muscle injuries. The median (15t - 3" quartile) value of the SPA
score was significantly (P<0.001) lower in the functional disorder group [9 (9-10)]
compared to the structural injury group [12 (12-13)]. The area under the Receiver

Operating Characteristic curve for different cut-off points of the SPA score was 0.977

(95% confidence intervals: 0.957 - 0.998) and the optimal cut-off value of the SPA score

providing the greatest sensitivity and specificity (respectively, 99% and 89%) was 11.
Conclusion: This study found that the SPA score has high diagnostic accuracy for
structural muscle injuries and could be used as a valid screening tool in soccer players
presenting with sudden or progressive onset of muscle pain during or after a

competition.
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INTRODUCTION

Muscle injuries are common in sports and account for 10 to 55% of all acute sports
injuries [1-3]. Given their epidemiological relevance, injury prevention programs based
on warm-up and flexibility strategies [4,5] as well as nutritional and conditioning
approaches [6-8] are highly recommended to prepare athletes for training and
competition. Most of the injuries in soccer occur in non-contact situations (hence they
are classified as indirect muscle injuries) and affect lower limb muscle groups [1-3,
9,10], while direct muscle injuries (i.e., contusions and lacerations) are more frequently
encountered in other sports such as American football, basketball, and rugby [11-15].
Previous studies performed in soccer players showed that the indirect injuries can also
be re-injuries [16], the latter being associated with 30% of longer absence from
competition than the original injury [1]. These findings highlighted the critical
importance of correct diagnosis of this disorder [3] that in daily clinical practice relies
on the combination of imaging findings and clinical examination [3,9,10]. The most
commonly adopted imaging techniques are ultrasonography and magnetic resonance.
The former technique has high (93%) sensitivity for structural injuries, while the latter
technique has high (>90%) sensitivity for both non-structural and structural injuries
and provides features (eg., injury volume and craniocaudal length) grading the injury
severity and predicting injury recovery time [9,10]. The most commonly searched
clinical findings include well-defined localized pain, stretch- and/or movement- and/or
palpation-induced pain aggravation, ecchymosis or hematoma, loss of function [3,9,10].
The evaluation of resting and movement pain intensity is useful not only for diagnostic
assessment but also for prognosis and follow-up of muscle injuries: for example, the
Functional Assessment Scale for Acute Hamstrings Injuries (FASH) investigates the

severity of pain in resting and different movement conditions and provides a valid,
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reproducible and responsive outcome measure for the prognostic assessment and
monitoring of patients with hamstrings injuries [17]. Besides the pain intensity, other
anamnestic and clinical data could also be collected to improve the diagnostic accuracy:
however, clinicians’ omissions in gathering further critical information may hinder the
appropriate disease diagnosis and management [18,19]. For example, the assessment of
pain distribution and onset modality (sudden onset vs progressive or delayed onset)
could provide useful insights to distinguish between functional disorders (such as
fatigue-induced muscle disorder or delayed onset muscle soreness) and structural
injuries. In fact, the progressive (during activity) or delayed (after activity) onset of
poorly localized muscle soreness is suggestive for a functional disorder, while the
sudden onset during activity of a well-localized and sharp pain is suggestive for a
structural injury [3,9,10]. To our knowledge, no clinical-feature based scoring system is
currently available for muscle injury screening that may identify subjects having high
probability of structural injury, therefore suggesting the need for further investigation.
Thus, the aims of this study were to develop a clinical-feature based scoring system for
muscle injury screening and to assess its diagnostic accuracy when large number of

injuries are suspected.

MATERIALS AND METHODS

Study design and subjects

A prospective diagnostic accuracy study was performed according to the Standards for
Reporting of Diagnostic Accuracy (STARD) criteria [20] (supplementary Table 1).

All subjects gave their consent after receiving a detailed explanation of the protocol. The
study conformed to the guidelines of the Declaration of Helsinki and was approved by

the local ethics committee.
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The study setting was a sports medicine and rehabilitation center where a total of 201
potentially eligible participants were consecutively recruited to participate in the study.
One hundred seventy five male soccer players [median (min - max) age: 16.6 (14.0 -
21.3) years] met the inclusion/exclusion criteria. Inclusion criteria were: i) age = 14
years, ii) competitive level of play, iii) sudden or progressive onset of muscle pain
during or after a soccer competition. Exclusion criteria were: direct muscle injuries,
chronic exertional compartment syndrome, joint disorders, bone stress injuries and

fractures.

Procedures

Assessments were performed in all players after 48 hours from the pain onset. The
same sports medicine physician (LS) recorded the anamnestic data relative to pain
history and performed the clinical assessment (reported in Table 1) to obtain the
Strength and Pain Assessment (SPA) score. Briefly, the pain onset modality, location,
distribution, impact on performance were evaluated and a semi-quantitative
assessment of muscle strength through manual muscle testing (see below) was
performed: each item was rated between 1 and 3 on a 3-point Likert-based scale, for a
maximum score of 15 points and a minimum of 5.

Thereafter, muscle ultrasonography was performed in all players by the same
experienced sonographer, blinded for the clinical assessment results. Muscle
ultrasonography was adopted as reference standard because of previous studies
showing its high sensitivity (93%) for structural muscle injuries [9,21]. The clinical
assessment and muscle ultrasonography were performed after 48 hours from the pain
onset because of previous studies recommending to perform the ultrasound assessment

between 1 and 3 days after suspected injury [21-24].
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Muscle strength assessment

The maximal isometric voluntary strength was assessed for both sides through manual
muscle testing [25]. Subjects were instructed to perform a maximal voluntary isometric
contraction by contracting their muscles as forcefully as possible for 4-5 s against a
fixed resistance provided by the examiner.

Gluteal region was assessed with the subjects prone, with the knee of the tested side at
90° flexion. The subjects performed a hip extension against the examiner's resistance
that was applied to the posterior part of the thigh.

Groin was assessed with the subjects supine, with the hip and knee of the tested side at
90° flexion: the subjects performed a hip flexion against the resistance (applied by the
examiner to the anterior part of the thigh).

Anterior thigh was assessed with the subjects seated, with the legs perpendicular to the
floor and both hips and knees at 90° flexion: the subjects performed a knee extension
against resistance (applied to the anterior part of the leg).

Medial thigh was assessed with the subjects supine. The subjects performed a thigh
adduction against resistance (applied to the medial aspect of the knees) in the following
different conditions: both hips and knees extended, hips at 45° and knees at 90° flexion,
hips and knees at 90° flexion.

Posterior thigh was assessed with the subjects prone, with the knee of non-tested leg
extended and the contralateral knee at 45° flexion: the subjects performed a knee
flexion against resistance (applied to the posterior part of the leg).

Posterior leg was assessed with the subjects prone, with both knees extended and feet
hanging over the edge of the examination table: the subjects performed an ankle plantar

flexion against resistance (applied to the foot plantar surface).
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Ultrasound device and assessment

Ultrasound B-mode images were acquired using an Edge ultrasound device (Fujifilm
Sonosite Inc., Amsterdam, The Netherlands) equipped by a linear-array transducer with
variable frequency band (6-13 MHz).

The following ultrasound findings were considered for muscle injury assessment:
fascicle disruption, hyper- or hypoechoic area, intramuscular haematoma or fascial
injury with intermuscular haematoma [21-27]. Furthermore, since it has been
previously recommended to recognize the tendon component of a muscle injury [10],
the intramuscular tendon involvement was also systematically investigated. Based on
these ultrasound findings, injuries were classified, according to the Munich consensus
[3], as follows: i) functional muscle disorders (i.e., indirect muscle disorders without
ultrasound evidence of muscular tear), ii) structural muscle injuries (i.e., indirect
muscle disorders with ultrasound evidence of muscular tear). The latter injuries were
further distinguished among the following three classes: i) type 3A: minor partial

muscle tear, ii) type 3B: moderate partial muscle tear, iii) type 4: (sub)total tear.

Statistical analysis

The Shapiro-Wilk test for normal distribution of the data failed: the non-parametric
Mann-Whitney U test was therefore used to assess the differences between the
functional disorder group and the structural injury group.

According to Bujang and Adnan [28], a minimum sample size of 122 subjects is required
to achieve a minimum power of 80% for detecting a change in the percentage value of
sensitivity of a screening test from 0.50 to 0.70, based on a target significant level of
0.05 and an estimated disease prevalence of 40% [1]. The diagnostic accuracy of the

SPA score (index test) was assessed in relation to muscle ultrasonography (reference
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standard) through a Receiver Operating Characteristic (ROC) curve for different cut-off
points [29]: the area under the curve (and 95% confidence intervals) was calculated.
The optimal cut-off value of the ROC curve was determined by using the Youden’s index
[30].

Content validity (i.e., the degree to which the content of an instrument is an adequate
reflection of the construct to be measured) of the SPA score was assessed as an expert
opinion (the authors’ expert view) according to the COSMIN guidelines (box D of
recommendations) [31,32].

Floor and ceiling effects were assessed (as markers of responsiveness) for the SPA score
and were considered to be present if the lowest (5) or the highest (15) score was
achieved by more than 15% of the cases.

Data were expressed as median and 15t - 3™ quartile. The threshold for statistical
significance was set to P = 0.05. All statistical tests were performed with SPSS 20.0

(SPSS Inc., Chicago, IL, USA) software package.

RESULTS

As shown in Figure 1, the SPA score was obtained in 175 players and muscle
ultrasonography was subsequently performed to distinguish between functional muscle
disorders and structural muscle injuries. No adverse effects were observed from
performing the clinical and ultrasound assessments. No signs of muscle tear were
observed by ultrasonography in 91 of 175 cases (52%) that were classified as functional
disorders, while signs of muscle tear were observed in the remaining 84 of 175 (48%)
cases that were classified as structural injuries. The four sites most affected by
structural injuries were the following lower limb muscle groups: hamstrings (24 of 84

cases: 28%), rectus femoris (20 of 84 cases: 24%), adductors (13 of 84 cases: 15%),
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triceps surae (12 of 84 cases: 14%). Structural injuries were further classified as type
3A in 66 cases and type 3B in 18 cases: the anatomical distribution for each of the two
classes of structural injuries is reported in Figure 1. None of the injuries (0/84) showed

an involvement of the intramuscular tendon.

Discriminative power

The median (15t - 3 quartile) value of the SPA score was 9 (9-10) in the functional
disorder group and 12 (12-13) in the structural injury group (Figure 2A). A statistically
significant difference (P<0.001) was observed between the SPA scores of the two
groups, indicating that the SPA score discriminates between functional disorders and

structural injuries.

Diagnostic accuracy

Figure 2B shows the ROC curve generated for different cut-off points of the SPA score:
the area under the curve was 0.977 (95% confidence intervals: 0.957 - 0.998) and the
optimal cut-off value providing the greatest sensitivity and specificity (respectively,

99% and 89%) was 11.

Content validity

COSMIN recommendations [31,32] about content validity were applied. The SPA score
items (pain onset modality, location, distribution, impact on performance, and muscle
strength) were relevant for the construct to be measured (D1), study population of
patients with muscle pain (D2) and evaluative purpose of the test (D3). For the
comprehensiveness of the items (D4), we think that all the relevant aspects of the

construct were covered by the items. For the last requirement (D5), we think that the
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design and methods of the study have no important flaws. We conclude that the SPA

score has good content validity.

Floor and ceiling effects
No floor or ceiling effects were identified in the two groups, with less than 15% of
players scoring the minimum (1 player in the functional disorder group) or maximum

(1 player in the structural injury group) SPA score values.

DISCUSSION

The aims of this study were to develop a scoring system for muscle injury screening and
to assess its diagnostic accuracy in a large population of soccer players. We found that
the SPA score presents high diagnostic accuracy for structural muscle injuries,
discriminates between functional disorders and structural injuries, has good content
validity and no floor or ceiling effects.

The observed very high sensitivity (99%) of the optimal cut-off value (11 points of the
score) indicates that the SPA score can be considered a screening test with a negligible
false negative rate [29]. From a clinical perspective, this finding has the relevant
implication that soccer players with suspected injury and presenting with a SPA score
211 should be systematically investigated through an imaging technique for an early
detection and proper evaluation of the injury. On the other hand, the use of an imaging
technique could be avoided in soccer players presenting with a SPA score <10 who
could therefore be suspected for functional disorders.

A strength of this study is represented by its external validity [33]: the results were
obtained in a large sample of soccer players presenting a distribution of structural

injuries comparable to previous studies [1-3]. Similarly to our data, Ekstrand et al. [1]
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found in professional soccer players that the four muscle groups most affected by
injuries were the hamstings (37%), adductors (23%), quadriceps (19%), and calf
muscles (13%). Therefore, the results obtained in the present sample of players can be
generalized to the target population of soccer players with lower limb injuries.
However, a limitation of the study is that we investigated only male players of one
sports discipline. Moreover, we did not investigate the possible mechanism underlying
the indirect injury (contraction-induced vs stretching-induced injury) [10,34]. Future
studies are therefore needed to investigate the SPA score diagnostic accuracy also in
athletes of both genders and other disciplines as well as to assess whether the
measurement properties are sensitive to the mechanism of muscle injuries.

Another study limitation is represented by the lack of assessment of the intra- and
inter-rater reliability of the SPA score: this measurement property should be addressed
in future studies, especially because one of the items could present poor reliability. In
fact, the SPA score incorporates the semi-quantitative assessment of strength that may
have poor reliability due to the inaccuracy of the subjective ratings [25]. However, we
adopted in our scoring system the manual muscle testing that is the most commonly
used mode in routine clinical examinations because it is simple, quick, inexpensive.
Consistently, the manual testing-based Medical Research Council (MRC) scale is widely
adopted (both on the classic 0 to 5-point scale and on the expanded 0 to 12-point scale)
in daily clinical practice [35-37]. Differently for the MRC scale, our strength assessments
were performed both on the affected and on the contralateral unaffected side. The
bilateral strength assessment, that is usually recommended in injured athletes [38], did
not imply a relevant increase of the assessment duration and complexity. In fact, the
proposed clinical assessment can be completed in a few minutes and can be used as on-

field (or bed-side) tool.
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Another assessment that would not imply relevant increases of the assessment duration
and complexity, but could be useful to improve the SPA score reliability and/or
accuracy is represented by the active range of motion assessment. Consistently, several
previous studies showed that flexibility is an important physical characteristic in
athletes in terms of performance and injury prevention [39] and that active range of
motion deficit is an accurate measurement grading the injury severity and predicting
injury recovery time [40]. Moreover, normative values of range of motion are available and
may assist in better evaluating players presenting with muscle injuries [39]. Future studies
are therefore required to assess the accuracy and reliability of a modified version of the

SPA score incorporating the range of motion assessment.

CONCLUSION

This study provides a new tool that can be used as a valid screening instrument in
soccer players presenting with sudden or progressive onset of muscle pain during or
after a competition. The SPA score has high diagnostic accuracy for structural muscle
injuries. We propose that its optimal cut-off value (11 points) should be adopted to
distinguish between patients suspected for structural muscle injury (who require
further evaluations for an early diagnosis and proper severity assessment and
prognosis) and those suspected for functional disorders. Moreover, we suggest that the
critical evaluation of pain history, that is part of any diagnostic approach in pain
medicine, has priority ahead of other diagnostic procedures also in the evaluation of

muscle injuries in soccer players.
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FIGURE CAPTIONS
Figure 1.

Standards for Reporting of Diagnostic Accuracy (STARD) flow diagram of the study.

Figure 2.

Panel A. Box plots showing the 15t - 37 quartile values and min-max range of the SPA
score in the two groups of functional muscle disorders (n=91 players) and structural
muscle injuries (n= 84 players).

* Between group comparison: P<0.0001

Panel B. Receiver Operating Characteristic curve for different cut-off points of the SPA

score, with an area under the curve equal to 0.977.
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ABSTRACT

Objectives: The aims of this study were to develop a clinical-feature based scoring
system for muscle injury screening and to assess its diagnostic accuracy when large
number of injuries are suspected.

Methods: A prospective diagnostic accuracy study was performed according to the
Standards for Reporting of Diagnostic Accuracy (STARD) criteria. The diagnostic
accuracy of the Strength and Pain Assessment (SPA) score (index test) was assessed in
relation to muscle ultrasonography (reference standard). A large (n=175) number of
male soccer players met the inclusion/exclusion criteria: clinical assessment (i.e.,
evaluation of pain onset modality, location, distribution, impact on performance, and
manual muscle strength testing) and ultrasonography were performed in all players
after 48 hours from the sudden or progressive onset of muscle pain during or after a
soccer competition.

Results: 91 of 175 cases (52%) were classified as functional muscle disorders, while
signs of muscle tear were observed in the remaining 84 of 175 (48%) cases that were
classified as structural muscle injuries. The median (15t - 3" quartile) value of the SPA
score was significantly (P<0.001) lower in the functional disorder group [9 (9-10)]
compared to the structural injury group [12 (12-13)]. The area under the Receiver

Operating Characteristic curve for different cut-off points of the SPA score was 0.977

(95% confidence intervals: 0.957 - 0.998) and the optimal cut-off value of the SPA score

providing the greatest sensitivity and specificity (respectively, 99% and 89%) was 11.
Conclusion: This study found that the SPA score has high diagnostic accuracy for
structural muscle injuries and could be used as a valid screening tool in soccer players
presenting with sudden or progressive onset of muscle pain during or after a

competition.

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk

Page 22 of 44



Page 23 of 44 The Physician and Sportsmedicine

Abstract word count: 276 words

KEYWORDS: COSMIN, muscle injury, muscle pain, muscle strength, muscle tear,

oNOYTULT D WN =

9 ultrasonography, STARD, sensitivity.

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Physician and Sportsmedicine

INTRODUCTION
Muscle injuries are common in sports and account for 10 to 55% of all acute sports

injuries [1-3]. Given their epidemiological relevance, injury prevention programs based

on warm-up and flexibility strategies [4,5] as well as nutritional and conditioning

approaches [6-8] are highly recommended to prepare athletes for training and

competition. Most of the injuries in soccer occur in non-contact situations (hence they
are classified as indirect muscle injuries) and affect lower limb muscle groups [+-41-3,
9,10], while direct muscle injuries (i.e., contusions and lacerations) are more frequently
encountered in other sports such as American football, basketball, and rugby [5-911-
15]. Previous studies performed in soccer players showed that the indirect injuries can
also be re-injuries [1816], the latter being associated with 30% of longer absence from
competition than the original injury [1]. These findings highlighted the critical

importance of correct diagnosis of this disorder [3] that in daily clinical practice relies

on the combination of imaging findings and clinical examination and-imagingfindings

[3,49,10]. The most commonly adopted imaging techniques are ultrasonography and

magnetic resonance. The former technique has high (93%) sensitivity for structural

injuries, while the latter technique has high (>90%) sensitivity for both non-structural

and structural injuries and provides features (eg. injury volume and craniocaudal

length) grading the injury severity and predicting injury recovery time [9,10]. The most

commonly searched clinical findings include well-defined localized pain, stretch- and/or
movement- and/or palpation-induced pain aggravation, ecchymosis or hematoma, loss

of function [3,49,10]. The evaluation of resting and movement pain intensity is useful

not only for diagnostic assessment but also for prognosis and follow-up of muscle

injuries: for example, the Functional Assessment Scale for Acute Hamstrings Injuries

(FASH) investigates the severity of pain in resting and different movement conditions

4
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and provides a valid, reproducible and responsive outcome measure for the prognostic

assessment and monitoring of patients with hamstrings injuries [17].

FEurthermoreBesides the pain intensity, other anamnestic and clinical data could also be

collected to improve the diagnostic accuracy: however, clinicians’ omissions in
gathering further critical information may hinder the appropriate disease diagnosis and
management [H51218.19]. For example, the assessment of pain distribution and onset
modality (sudden onset vs progressive or delayed onset) could provide useful insights
to distinguish between functional disorders (such as fatigue-induced muscle disorder or
delayed onset muscle soreness) and structural injuries. In fact, the progressive (during
activity) or delayed (after activity) onset of poorly localized muscle soreness is
suggestive for a functional disorder, while the sudden onset during activity of a well-
localized and sharp pain is suggestive for a structural injury [3,49,10]. To our
knowledge, no clinical-feature based scoring system is currently available for muscle
injury screening that may identify subjects having high probability of structural injury,
therefore suggesting the need for further investigation. Thus, the aims of this study
were to develop a clinical-feature based scoring system for muscle injury screening and

to assess its diagnostic accuracy when large number of injuries are suspected.

MATERIALS AND METHODS

Study design and subjects

A prospective diagnostic accuracy study was performed according to the Standards for
Reporting of Diagnostic Accuracy (STARD) criteria [1+320] (supplementary Table 1).

All subjects gave their consent after receiving a detailed explanation of the protocol. The

study conformed to the guidelines of the Declaration of Helsinki and was approved by

the local ethics committee.
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The study setting was a sports medicine and rehabilitation center where a total of 201
potentially eligible participants were consecutively recruited to participate in the study.
One hundred seventy five male soccer players [median (min - max) age: 16.6 (14.0 -
21.3) years] met the inclusion/exclusion criteria. Inclusion criteria were: i) age = 14
years, ii) competitive level of play, iii) sudden or progressive onset of muscle pain
during or after a soccer competition. Exclusion criteria were: direct muscle injuries,
chronic exertional compartment syndrome, joint disorders, bone stress injuries and

fractures.

Procedures

Assessments were performed in all players after 48 hours from the pain onset. The
same sports medicine physician (LS) recorded the anamnestic data relative to pain
history and performed the clinical assessment (reported in Table 1) to obtain the
Strength and Pain Assessment (SPA) score. Briefly, the pain onset modality, location,
distribution, impact on performance were evaluated and a semi-quantitative

assessment of muscle strength through manual muscle testing (see below) was

performed: each item was rated between 1 and 3 on a 3-point Likert-based scale, for a
maximum score of 15 points and a minimum of 5.

Thereafter, muscle ultrasonography was performed in all players by the same
experienced sonographer, blinded for the clinical assessment results. Muscle
ultrasonography was adopted as reference standard because of previous studies
showing its high sensitivity (93%) for structural muscle injuries [4,449,21]. The clinical
assessment and muscle ultrasonography were performed after 48 hours from the pain
onset because of previous studies recommending to perform the ultrasound assessment

between 1 and 3 days after suspected injury [+4-1721-24].
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Muscle strength assessment

The maximal isometric voluntary strength was assessed for both sides through manual

muscle testing [25]. Subjects were instructed to perform a maximal voluntary isometric

contraction by contracting their muscles as forcefully as possible for 4-5 s against a

fixed resistance provided by the examiner.

Gluteal region was assessed with the subjects prone, with the knee of the tested side at

90° flexion. The subjects performed a hip extension against the examiner's resistance

that was applied to the posterior part of the thigh.

Groin was assessed with the subjects supine, with the hip and knee of the tested side at

90° flexion: the subjects performed a hip flexion against the resistance (applied by the

examiner to the anterior part of the thigh).

Anterior thigh was assessed with the subjects seated, with the legs perpendicular to the

floor and both hips and knees at 90° flexion: the subjects performed a knee extension

against resistance (applied to the anterior part of the leg).

Medial thigh was assessed with the subjects supine. The subjects performed a thigh

adduction against resistance (applied to the medial aspect of the knees) in the following

different conditions: both hips and knees extended, hips at 45° and knees at 90° flexion,

hips and knees at 90° flexion.

Posterior thigh was assessed with the subjects prone, with the knee of non-tested leg

extended and the contralateral knee at 45° flexion: the subjects performed a knee

flexion against resistance (applied to the posterior part of the leg).

Posterior leg was assessed with the subjects prone, with both knees extended and feet

hanging over the edge of the examination table: the subjects performed an ankle plantar

flexion against resistance (applied to the foot plantar surface).
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Ultrasound device and assessment
Ultrasound B-mode images were acquired using an Edge ultrasound device (Fujifilm
Sonosite Inc., Amsterdam, The Netherlands) equipped by a linear-array transducer with
variable frequency band (6-13 MHz).

The following ultrasound findings were considered for muscle injury assessment:

fascicle disruption, hyper- or hypoechoic area, intramuscular haematoma or fascial

injury with intermuscular haematoma [21-27]. Furthermore, since it has been

previously recommended to recognize the tendon component of a muscle injury [10],

the intramuscular tendon involvement was also systematically investigated. Uraseund

theBased on these ultrasound findings, injuries were classified, according to the Munich

consensus [3], as follows: i) functional muscle disorders (i.e., indirect muscle disorders
without ultrasound evidence of muscular tear), ii) structural muscle injuries (i.e.,
indirect muscle disorders with ultrasound evidence of muscular tear). The latter
injuries were further distinguished among the following three classes: i) type 3A: minor

partial muscle tear, ii) type 3B: moderate partial muscle tear, iii) type 4: (sub)total tear.

Statistical analysis

The Shapiro-Wilk test for normal distribution of the data failed: the non-parametric
Mann-Whitney U test was therefore used to assess the differences between the
functional disorder group and the structural injury group.

According to Bujang and Adnan [2128], a minimum sample size of 122 subjects is
required to achieve a minimum power of 80% for detecting a change in the percentage

value of sensitivity of a screening test from 0.50 to 0.70, based on a target significant
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level of 0.05 and an estimated disease prevalence of 40% [1]. The diagnostic accuracy of
the SPA score (index test) was assessed in relation to muscle ultrasonography
(reference standard) through a Receiver Operating Characteristic (ROC) curve for
different cut-off points [2229]: the area under the curve (and 95% confidence intervals)
was calculated. The optimal cut-off value of the ROC curve was determined by using the
Youden’s index [2330].

Content validity (i.e., the degree to which the content of an instrument is an adequate
reflection of the construct to be measured) of the SPA score was assessed as an expert
opinion (the authors’ expert view) according to the COSMIN guidelines (box D of
recommendations) [24,2531,32].

Floor and ceiling effects were assessed (as markers of responsiveness) for the SPA score
and were considered to be present if the lowest (5) or the highest (15) score was
achieved by more than 15% of the cases.

Data were expressed as median and 15t - 3 quartile. The threshold for statistical
significance was set to P = 0.05. All statistical tests were performed with SPSS 20.0

(SPSS Inc., Chicago, IL, USA) software package.

RESULTS

As shown in Figure 1, the SPA score was obtained in 175 players and muscle
ultrasonography was subsequently performed to distinguish between functional muscle
disorders and structural muscle injuries. No adverse effects were observed from
performing the clinical and ultrasound assessments. No signs of muscle tear were
observed by ultrasonography in 91 of 175 cases (52%) that were classified as functional
disorders, while signs of muscle tear were observed in the remaining 84 of 175 (48%)

cases that were classified as structural injuries. The four sites most affected by

9

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Physician and Sportsmedicine

structural injuries were the following lower limb muscle groups: hamstrings (24 of 84
cases: 28%), rectus femoris (20 of 84 cases: 24%), adductors (13 of 84 cases: 15%),
triceps surae (12 of 84 cases: 14%). Structural injuries were further classified as type
3A in 66 cases and type 3B in 18 cases: the anatomical distribution for each of the two

classes of structural injuries is reported in Figure 1. None of the injuries (0/84) showed

an involvement of the intramuscular tendon.

Discriminative power

The median (15t - 3 quartile) value of the SPA score was 9 (9-10) in the functional
disorder group and 12 (12-13) in the structural injury group (Figure 2A). A statistically
significant difference (P<0.001) was observed between the SPA scores of the two
groups, indicating that the SPA score discriminates between functional disorders and

structural injuries.

Diagnostic accuracy

Figure 2B shows the ROC curve generated for different cut-off points of the SPA score:
the area under the curve was 0.977 (95% confidence intervals: 0.957 - 0.998) and the
optimal cut-off value providing the greatest sensitivity and specificity (respectively,

99% and 89%) was 11.

Content validity

COSMIN recommendations [25;2631,32] about content validity were applied. The SPA
score items (pain onset modality, location, distribution, impact on performance, and
muscle strength) were relevant for the construct to be measured (D1), study population

of patients with muscle pain (D2) and evaluative purpose of the test (D3). For the

10
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comprehensiveness of the items (D4), we think that all the relevant aspects of the
construct were covered by the items. For the last requirement (D5), we think that the
design and methods of the study have no important flaws. We conclude that the SPA

score has good content validity.

Floor and ceiling effects
No floor or ceiling effects were identified in the two groups, with less than 15% of
players scoring the minimum (1 player in the functional disorder group) or maximum

(1 player in the structural injury group) SPA score values.

DISCUSSION

The aims of this study were to develop a scoring system for muscle injury screening and
to assess its diagnostic accuracy in a large population of soccer players. We found that
the SPA score presents high diagnostic accuracy for structural muscle injuries,
discriminates between functional disorders and structural injuries, has good content
validity and no floor or ceiling effects.

The observed very high sensitivity (99%) of the optimal cut-off value (11 points of the
score) indicates that the SPA score can be considered a screening test with a negligible
false negative rate [2229]. From a clinical perspective, this finding has the relevant
implication that soccer players with suspected injury and presenting with a SPA score
>11 should be systematically investigated through an imaging technique for an early
detection and proper evaluation of the injury. On the other hand, the use of an imaging
technique could be avoided in soccer players presenting with a SPA score <10 who

could therefore be suspected for functional disorders.

11
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A strength of this study is represented by its external validity [2633]: the results were
obtained in a large sample of soccer players presenting a distribution of structural
injuries comparable to previous studies [1-3]. Similarly to our data, Ekstrand et al. [1]
found in professional soccer players that the four muscle groups most affected by
injuries were the hamstings (37%), adductors (23%), quadriceps (19%), and calf
muscles (13%). Therefore, the results obtained in the present sample of players can be
generalized to the target population of soccer players with lower limb injuries.
However, a limitation of the study is that we investigated only male players of one

sports discipline. Moreover, we did not investigate the possible mechanism underlying

the indirect injury (contraction-induced vs stretching-induced injury) [10,34]. Future

studies are therefore needed to investigate the SPA score diagnostic accuracy also in

athletes of both genders and other disciplines_as well as to assess whether the

measurement properties are sensitive to the mechanism of muscle injuries.

Another study limitation is represented by the lack of assessment of the intra- and
inter-rater reliability of the SPA score: this measurement property should be addressed
in future studies, especially because one of the items could present poor reliability. In
fact, the SPA score incorporates the semi-quantitative assessment of strength that may
have poor reliability due to the inaccuracy of the subjective ratings [2725]. However, we
adopted in our scoring system the manual muscle testing that is the most commonly
used mode in routine clinical examinations because it is simple, quick, inexpensive.
Consistently, the manual testing-based Medical Research Council (MRC) scale is widely
adopted (both on the classic 0 to 5-point scale and on the expanded 0 to 12-point scale)
in daily clinical practice [28-3835-37]. Differently for the MRC scale, our strength
assessments were performed both on the affected and on the contralateral unaffected

side. The bilateral strength assessment, that is usually recommended in injured athletes

12
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[3438], did not imply a relevant increase of the assessment duration and complexity. In
fact, the proposed clinical assessment can be completed in a few minutes and can be
used as on-field (or bed-side) tool.

Another assessment that would not imply relevant increases of the assessment duration

and complexity, but could be useful to improve the SPA score reliability and/or

accuracy is represented by the active range of motion assessment. Consistently, several

previous studies showed that flexibility is an important physical characteristic in

athletes in terms of performance and injury prevention [39] and that active range of

motion deficit is an accurate measurement grading the injury severity and predicting

injury recovery time [40]. Moreover, normative values of range of motion are available and

may assist in better evaluating players presenting with muscle injuries [39]. Future studies

are therefore required to assess the accuracy and reliability of a modified version of the

SPA score incorporating the range of motion assessment.

CONCLUSION

This study provides a new tool that can be used as a valid screening instrument in

soccer players presenting with sudden or progressive onset of muscle pain during or

after a competition. The SPA score has high diagnostic accuracy for structural muscle

injuries. We propose that its optimal cut-off value (11 points) should be adopted to

distinguish between patients suspected for structural muscle injury (who require

further evaluations for an early diagnosis and proper severity assessment and

prognosis) and those suspected for functional disorders. Onthebasis-efthe observed
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findingsMoreover, we suggest that the critical evaluation of pain history, that is part of
any diagnostic approach in pain medicine, has priority ahead of other diagnostic

procedures also in the evaluation of muscle injuries in soccer players.

DECLARATION OF INTEREST

The authors report no conflict of interest.

ETHICAL STATEMENT
All subjects gave their consent after receiving a detailed explanation of the protocol. The
study conformed to the guidelines of the Declaration of Helsinki and was approved by

the local ethics committee.

14

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



Page 35 of 44

oNOYTULT D WN =

The Physician and Sportsmedicine

REFERENCES
1. Ekstrand ], Higglund M, Waldén M. Epidemiology of muscle injuries in professional

football (soccer). Am | Sports Med. 2011;39(6):1226-1232.

2. Chan O, Del Buono A, Best TM, et al. Acute muscle strain injuries: a proposed new
classification system. Knee Surg Sports Traumatol Arthrosc. 2012;20(11):2356-

2362.

3. Mueller-Wohlfahrt HW, Haensel L, Mithoefer K, et al. Terminology and classification
of muscle injuries in sport: the Munich consensus statement. Br ] Sports Med.

2013;47(6):342-350.

4. Woods K, Bishop P, Jones E. Warm-up and stretching in the prevention of muscular

injury. Sports Med. 2007:37(12):1089-1099.

5. Al Attar WSA, Alshehri MA. A meta-analysis of meta-analyses of the effectiveness of

FIFA injury prevention programs in soccer. Scand | Med Sci Sports.

2019;29(12):1846-1855.

6. Musumeci G. Sarcopenia and exercise “The state of the art”. | Funct Morphol Kinesiol.

2017;2(4);40.

7. Trovato FM, Castrogiovanni P, Szychlinska MA, et al. Impact of Western and

Mediterranean diets and vitamin D on muscle fibers of sedentary rats. Nutrients.

2018;10(2):231.

8. Szychlinska MA, Castrogiovanni P, Trovato FM, et al. Physical activity and

Mediterranean diet based on olive tree phenolic compounds from two different

geographical areas have protective effects on early osteoarthritis, muscle atrophy

and hepatic steatosis. Eur | Nutr. 2019;58(2):565-581.

15

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Physician and Sportsmedicine Page 36 of 44

9. Maffulli N, Oliva F, Frizziero A, et al. ISMuLT Guidelines for muscle injuries. Muscles

Ligaments Tendons J. 2014;3(4):241-249.

10. Valle X, Alentorn-Geli E, Tol |L, et al. Muscle injuries in sports: a new evidence-

informed and expert consensus-based classification with clinical application. Sports

Med. 2017;47(7):1241-1253.

11. Hawkins RD, Hulse MA, Wilkinson C, et al. The association football medical research
programme: an audit of injuries in professional football. Br ] Sports Med.

2001;35(1):43-47.

12. Borowski LA, Yard EE, Fields SK, et al. The epidemiology of US high school basketball

injuries, 2005-2007. Am ] Sports Med. 2008;36(12):2328-2335.

13. Feeley BT, Kennelly S, Barnes RP, et al. Epidemiology of National Football League

training camp injuries from 1998 to 2007. Am ] Sports Med. 2008;36(8):1597-1603.

14. Lopez V Jr, Galano GJ, Black CM, et al. Profile of an American amateur rugby union

sevens series. Am | Sports Med. 2012;40(1):179-184.

15. Mack CD, Kent RW, Coughlin M]J, et al. Incidence of lower extremity injury in the
National Football League: 2015 to 2018 [published online ahead of print, 2020 Jun

2]. Am ] Sports Med. 2020;363546520922547.

16. Hagglund M, Waldén M, Ekstrand J. Risk factors for lower extremity muscle injury in

professional soccer: the UEFA Injury Study. Am ] Sports Med. 2013;41(2):327-335.

17. Malliaropoulos N, Korakakis V, Christodoulou D, et al. Development and validation of

a questionnaire (FASH--Functional Assessment Scale for Acute Hamstring Injuries):

to measure the severity and impact of symptoms on function and sports ability in

patients with acute hamstring injuries. Br | Sports Med. 2014;48(22):1607-1612.

16

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



Page 37 of 44

oNOYTULT D WN =

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

The Physician and Sportsmedicine

Schiff GD, Hasan O, Kim S, et al. Diagnostic error in medicine: analysis of 583

physician-reported errors. Arch Intern Med. 2009;169(20):1881-1887.

Heyhoe |, Lawton R, Armitage G, et al. Understanding diagnostic error: looking

beyond diagnostic accuracy. Diagnosis (Berl). 2015;2(4):205-209.

Bossuyt PM, Reitsma ]JB, Bruns DE, et al. STARD 2015: an updated list of essential

items for reporting diagnostic accuracy studies. BMJ. 2015;351:h5527.

Lee JC, Healy J. Sonography of lower limb muscle injury. AJR Am ] Roentgenol.

2004;182(2):341-351.

Blankenbaker DG, Tuite M]. Temporal changes of muscle injury. Semin

Musculoskelet Radiol. 2010;14(2):176-193.

Draghi F, Zacchino M, Canepari M, et al. Muscle injuries: ultrasound evaluation in the

acute phase. ] Ultrasound. 2013;16(4):209-214.

Hall MM. Return to play after thigh muscle injury: utility of serial ultrasound in

guiding clinical progression. Curr Sports Med Rep. 2018;17(9):296-301.

Koh ES, McNally EG. Ultrasound of skeletal muscle injury. Semin Musculoskelet

Radiol. 2007;11(2):162-173.

Lee JC, Mitchell AW, Healy ]JC. Imaging of muscle injury in the elite athlete. Br ]

Radiol. 2012 Aug;85(1016):1173-1185.

Guermazi A, Roemer FW, Robinson P, et al. Imaging of muscle injuries in sports

medicine: sports imaging series. Radiology. 2017;282(3):646-663.

Bujang MA, Adnan TH. Requirements for minimum sample size for sensitivity and

specificity analysis. ] Clin Diagn Res. 2016;10(10):YE01-YEO6.

17

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Physician and Sportsmedicine Page 38 of 44

29. Florkowski CM. Sensitivity, specificity, receiver-operating characteristic (ROC)
curves and likelihood ratios: communicating the performance of diagnostic tests.

Clin Biochem Rev. 2008;29 Suppl 1(Suppl 1):S83-S87.

30. Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3(1):32-35.

31. Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN checklist for assessing the
methodological quality of studies on measurement properties of health status
measurement instruments: an international Delphi study. Qual Life Res.

2010;19(4):539-549.

32. Mokkink LB, Terwee CB, Knol DL, et al. The COSMIN checklist for evaluating the
methodological quality of studies on measurement properties: a clarification of its

content. BMC Med Res Methodol. 2010;10:22.

33. Lesko CR, Buchanan AL, Westreich D, et al. Generalizing study results: a potential

outcomes perspective. Epidemiology. 2017;28(4):553-561.

25. Maffiuletti NA. Assessment of hip and knee muscle function in orthopaedic practice

and research. ] Bone Joint Surg Am. 2010;92(1):220-229.

34. Askling CM, Malliaropoulos N, Karlsson ]. High-speed running type or stretching-

type of hamstring injuries makes a difference to treatment and prognosis. Br |

Sports Med. 2012;46(2):86-87.

35. Sapega AA. Muscle performance evaluation in orthopaedic practice. ] Bone Joint Surg

Am. 1990;72(10):1562-1574.

36. Bohannon RW. Measuring knee extensor muscle strength. Am | Phys Med Rehabil.

2001;80(1):13-18.

18

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



Page 39 of 44

oNOYTULT D WN =

The Physician and Sportsmedicine

37.Vanpee G, Hermans G, Segers ], et al. Assessment of limb muscle strength in critically

ill patients: a systematic review. Crit Care Med. 2014;42(3):701-711.

38. Bisciotti GN, Volpi P, Amato M, et al. Italian consensus conference on guidelines for
conservative treatment on lower limb muscle injuries in athlete. BM] Open Sport

Exerc Med. 2018;4(1):e000323.

39. Malliaropoulos N, Kakoura L, Tsitas K, et al. Active knee range of motion assessment

in elite track and field athletes: normative values. Muscles Ligaments Tendons ].

2015;5(3):203-207.

40. Malliaropoulos N, Papacostas E, Kiritsi O, et al. Posterior thigh muscle injuries in

elite track and field athletes. Am | Sports Med. 2010;38(9):1813-1819.

19

URL: https://mc04.manuscriptcentral.com/tpsm Email: IPSM-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

The Physician and Sportsmedicine Page 40 of 44

FIGURE CAPTIONS
Figure 1.

Standards for Reporting of Diagnostic Accuracy (STARD) flow diagram of the study.

Figure 2.

Panel A. Box plots showing the 15t - 37 quartile values and min-max range of the SPA
score in the two groups of functional muscle disorders (n=91 players) and structural
muscle injuries (n= 84 players).

* Between group comparison: P<0.0001

Panel B. Receiver Operating Characteristic curve for different cut-off points of the SPA

score, with an area under the curve equal to 0.977.
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Figure 1.
Standards for Reporting of Diagnostic Accuracy (STARD) flow diagram of the study.
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Panel A. Box plots showing the 1st - 3rd quartile values and min-max range of the SPA score in the two
groups of functional muscle disorders (n=91 players) and structural muscle injuries (n= 84 players).
* Between group comparison: P<0.0001
Panel B. Receiver Operating Characteristic curve for different cut-off points of the SPA score, with an area
under the curve equal to 0.977.
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ITEM

SCORE

Pain onset modality

Progressive (during activity) or delayed (after activity) onset of muscle soreness 1
Sudden onset of muscle cramp 2
Sudden onset of sharp pain preceded by a “pop” or “snap” feeling 3
Pain location

Diffuse 1
Well-localized to the tendon 2
Well-localized to the muscle 3
Pain distribution

Gluteal region 1
Groin, anterior thigh, medial thigh, posterior leg 2
Posterior thigh 3
Pain impact on performance

None 1
Moderate functional impairment with delayed activity interruption 2
Severe functional impairment with immediate activity interruption 3
Muscle strength

Muscle contracts normally against full manual resistance, without difference 1
between the two sides

Muscle strength against manual resistance is moderately reduced with respect to 2
the contralateral unaffected side

Muscle strength against manual resistance is severely reduced with respect to the 3

contralateral unaffected side

Table 1. Items and scoring numbers of the Strength and Pain Assessment (SPA) score.
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