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ABSTRACT

The aim of the study is to specify diagnostic MRI and ultrasound criteria for a sports hernia in order to verify its diagnosis in football players.

Materials and methods: The study included 50 professional and amateur football players aged 15 to 34 from 2016 to 2019. The criteria for inclusion in the study were: the
presence of groin pain in football players, which prevented them from continuing to actively participate in sports activities.

Results: The findings of the study revealed that during MRI the two factors, which had the strongest influence, were “increased MR signal intensity on PDfs observed from the structures of the
inguinal canal”and“increased MR signal intensity on PDfs observed from bone marrow of superior ramus of the pubic bone”. During ultrasound of the inguinal area, the main criterion for a sports
hernia diagnosis was “increased size of the inguinal canal”. The verification of the diagnosis was carried out on the basis of the presence of a protrusion in the posterior wall of the inguinal canal.
For a sports hernia diagnosis the MRI sensitivity is 91.67% (95% Cl 77.5 — 98.2), specificity —78.57% (95% C1 49.2 — 95.3) and the sensitivity of ultrasound is 88.89% (95% Cl
73.9—96.9), the specificity — 50% (95% C1 23.0 - 77).

Conclusions: The combination of MRI and ultrasound makes it possible to accurately detect the presence of a sports hernia in the football player. Based on the findings of our

study, we formulated MRI and ultrasound criteria for a sports hernia diagnosis.
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INTRODUCTION

In most cases, groin pain is the main manifestation of a
sports hernia in football players. Physical activity aggra-
vates their pain. In fact, exercise-related painful sensations
adversely affect their career [1]. Groin pain is induced by
high-intensity explosive rotational movements of the torso
and lower extremities, followed by a hard kick [2].

Sports hernia is usually associated with the presence of
weakness in the posterior wall of the inguinal canal. The
researchers believe that, along with the absence of the
anatomical features of a typical hernia, weakness-related
prolonged pain in the inguinal area, which aggravates
during physical training, can be observed [3].

A general review of the research literature revealed lack of
coherent and consistent scientific statements regarding the
terminology and diagnostic criteria for reliable assessment of
pathological changes in the inguinal area in athletes [4, 5, 6].

Thus, it is relevant to conduct a research on the specification
of diagnostic MRI and ultrasound criteria for a sports hernia.

THE AIM

The aim of the study is to specify diagnostic MRI and ul-
trasound criteria for a sports hernia in order to verify its
diagnosis in football players.
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MATERIALS AND METHODS
The study included 50 professional and amateur football
players aged 15 to 34 with a preliminary diagnosis of a sports
hernia. The investigation was conducted at the Department
of General Surgery No2 of O. O. Bohomolets National Medi-
cal University from 2016 to 2019. The diagnosis was made on
the basis of patient complaints, medical history, clinical test
results (according to the guidelines), MRI and ultrasound
examination of the groin. The criteria for inclusion in the
study were: the presence of pain in the inguinal area of the
football players, which prevented them from continuing to
actively participate in sports activities, as well as the lack
of effect of previous conservative therapy. VAS (the Visual
Analogue Scale) was used to assess the pain intensity [7].
The pain impulses were grouped according to the lo-
calization of pain, and were defined as follows: the pain
experienced within one inguinal area - unilateral (right /
left); the pain experienced within both inguinal areas - bi-
lateral. The intensity of pain was determined with the help
of the integers between 3 and 10 on the VAS. To verify the
diagnosis, all patients with a suspected sports hernia had an
ultrasound test and MRI of the inguinal area done. MRI was
performed on a 1.5T magnetic field induction apparatus
using a set of standard pulse sequences. The examination
protocol is shown in Table I.
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Table I. MR Inguinal Area Protocol

Type of weighted image

Proton density (PD)

Proton density (PD)

Proton density (PD)  T1 (T1WI) relaxation time

plane coronal

saggital

axial coronal

Type of sequence

Turbo-spin exo (tse)

Turbo-spin exo (tse)

Turbo-spin exo (tse) Turbo-spin exo (tse)

Suppression of MRI signal

by adipose tissue * * * -
Slice thickness, mm 3,0 3,0 3,0 3,0
Time of repetition (TR), msec 2100 2100 2100 610
Time of echo (TE), msec 33 33 33 11
Field of view (FOV), mm 180x180 160x120 160x130 160x130

Table I1. Single-factor model coefficients of the risk of a sports hernia diagnosis based on MRI findings on the right

Coefficient value in the
model, btm,

Factor

Level of significance of
difference between the
coefficientand 0, p

OR score (95%Cl)

TMR signal from bone marrow of superior ramus

*% -

of the right pubic bone 3.3£1.09 0.002 26 (3.03-223)

TMR signal from the inguinal canal on the right 3.7+0.88 <0.007 *** 40.3 (7.08 -230)
The size of the inguinal canal on the right 0.3+0.11 0.002 ** 1.4(1.13-1.74)
Lymphatic nodes on the right 0.16 £ 0.07 0.03* 1.17 (1.01- 1.36)

The length ofth?nr:JgstltJectus abdominis 0.09 + 0.04 001 * 1.10 (1.02-1.18)
The thickness oftk::lesgiT; rectus abdominis 0.08 + 0.06 0.189 1.08 (0.96 - 1.21)
TMR signal from the right adductor muscles 1.02 £ 0.68 0.130 2.79(0.74-10.6)

An ultrasound test was performed on a Doppler appara-
tus with linear and sectoral sensors with a scan frequency
of 3.5 - 5.0 MHz. The examination of patients was carried
out in a standing and supine position of the patient.

The method of constructing a single-factor and
multi-factor logistic regression model was used to identi-
fy the link between the risk of a sports hernia in football
players and factor variables.

The main criteria for MRI and ultrasound studies of a sports
hernia in football players were established based on the analysis
ofthe ROC curve of the multifactor model. The Stepwise method
(adding or removing predictor variables) was used to select the
minimum set of factors associated with the established diagnosis.

Based on the findings of these studies, the patients were
divided into two groups. The first (experimental) group
consisted of 36 (72%) football players who, according to the
diagnostic findings, met the established set of diagnostic
criteria for a sports hernia. That was a direct indication for
surgical treatment in this group. The second group included
14 (28%) football players who were not diagnosed with a
sports hernia based on the set of diagnostic criteria for a
sports hernia. They were prescribed conservative therapy
and kept under continuous monitoring.

RESULTS
According to MRI data, 21 (63.8%) patients of the first (ex-
perimental) group showed increased MR signal intensity
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on PDfs observed from the groin structures on both sides,
11 (33.3%) patients — on the right side, 4 (22, 2%) patients
- on the left side due to the increased hydrophilicity of its
structures. Based on the findings of an ultrasound test, all
36 (72%) athletes of the first group had a protrusion in the
posterior wall of the inguinal canal (Fig. 1, 2, 3).

In the second group, 6 (12%) football players did not
have increased MR signal intensity, 8 (16%) football
players had both a slight increase in MR signal intensity
along the inguinal canal and increased MR signal intensity
at the site of attachment of the adductor muscles, which
might be indicative of ARS syndrome. The ultrasound
examination did not reveal any changes in the posterior
wall of the inguinal canal in all 14 (28%) patients of the
second group, but 6 (12%) of them had increased size of
the inguinal canal between 11.8 and 12.4 mm. They were
prescribed conservative therapy and kept under continuous
monitoring.

A single-factor logistic regression model was firstly con-
structed in order to study the relationship between the risk
of a sports hernia in football players and findings of MRI
and ultrasound diagnostics.

The results of the coeflicient estimation and the calcula-
tion of odds ratios (OR) for the logistic regression model,
including the right and left side of the body, have been
summarized in Tables II, III.

It was found that one of the criteria for the presence of
a sports hernia (p <0.001) was increased MR signal inten-
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Table IlI. Single-factor model coefficients of the risk of a sports hernia diagnosis based

on MRI findings on the left

Coefficient value in the

Factor

Level of significance of

difference between the OR score (95%Cl)

et s coefficient and 0, p
TMR signal from bone marrow of superior 0114063 0.86 0.89 (0.26-3.08)
ramus of the left pubic bone

TMR signal from the inguinal canal on the left 0.69+0.64 0.28 2(0.57-7.02)
The size of the inguinal canal on the left 0.068+0.08 0.38 1.07 (0.92-1.25)
Lymphatic nodes on the left 0.18+0.08 0.02* 1.2(1.02-1.41)
The length of the left rectus abdominis muscle 0.09+0.03 0.01* 1.09 (1.02-1.17)
The thickness of the left rectus abdominis 0.0440.05 043 1.04 (0.97-1.16)

muscle

TMR signal from the left adductor muscles -0.11+£0.63 0.86 0.89 (0.26-3.08)

sity on PDfs, which was produced by the structures of the
inguinal canal, along with increased MR signal intensity
related to the bone marrow of superior ramus of the right
pubic bone (p = 0.003). Thus, when increased MR signal
intensity is observed from the structures of the inguinal
canal on the right, OR 40.3 (95% CI 7.08 - 230), and from
bone marrow of superior ramus of the right pubic bone,

Fig. 1. Increased MR signal intensity
observed from the structures of both
inguinal canals

Fig. 2. Increased MR signal intensity
observed from the structures of both
inguinal canals

OR 26 (95% CI 3.03 - 223), the likelihood of diagnosing
a sports hernia increases.

It is more likely to diagnose a sports hernia in football
players with increased size of the inguinal canal, OR 1.55
(95% CI 1.01-2.38) on the right and 1.07 (95% CI 0.83-1.36)
on the left. The results of the coeflicient estimation and the
calculation of odds ratios (OR) for the logistic regression
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Fig. 3. Sports hernia ultrasound examination.
Widening of the inguinal canal and a protrusion
| of the “weak zone” of the posterior wall of the
inguinal canal

Table IV. Single-factor model coefficients for predicting the risk of a sports hernia diagnosis in football players based on ultrasound findings on the right

Coefficient value in the

Factor
model, b+m,

Level of significance of difference
between the coefficient and 0, p

OR score (95%Cl)

Inguinal canal on the right 0.44+0.22

0.04 * 1.55(1.01-2.38)

The size of the deep inguinal

ring on the right 0.06+0.12

0.71 1.07 (0.83 -1.36)

model, including the right and left side of the body, have
been summarized in Tables IV, V.

It was also noted that, when comparing the factors for
a sports hernia diagnosis, a difference was found between
the values on the right and left side of the body, which may
be explained by individual biomechanical characteristics
of athletes and that football players in the first and second
groups predominantly use their right lower extremity
during the game.

A multifactor logistic regression model was constructed
to select MRI and ultrasound factors in order to verity the
diagnosis of a sports hernia in football players in the first
and second groups. The results of the coeflicient estimation
in the model are shown in Table VI, VII. Two main criteria
were identified during MRI: “increased MR signal intensity
on PDfs observed from the structures of the inguinal canal”
and “increased MR signal intensity on PDfs observed from
bone marrow of superior ramus of the pubic bone”, which
showed signs of increasing hydrophilicity of the inguinal
area structures.

With regard to the inguinal area ultrasound, the main cri-
terion of a sports hernia was “increased size of the inguinal
canal” However, the cardinal sign, indicating the presence
of a sports hernia, was a protrusion of the posterior wall
of the inguinal canal, which was detected in all football
players in the first group.
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Thus, based on the two main factors that were determined
during MRI examination, namely “increased MR signal in-
tensity on PDfs observed from the structures of the inguinal
canal” and “increased MR signal intensity on PDfs observed
from bone marrow of superior ramus of the pubic bone”, a
two-factor model was constructed to discover the effect of
these factors on the detection of a sports hernia. The model
is adequate, the area under the ROC - curve is AUC = 0.92
(95% CI 0.82 - 0.98), statistically significant (p <0,03) and
differs from 0,05. Ultrasound revealed that a growth of one
factor increases the risk of a sports hernia detection, namely
“increased size of the inguinal gap’, the area under the ROC
- curve AUC = 0.64 (95% CI 0.49 - 0.77) (Figure 4, 5).

It was found that the MRI sensitivity is 91.67% (95%
CI 77.5 - 98.2), specificity -78.57% (95% CI 49.2 — 95.3),
positive predictive value PPV = 91.7%, negative predictive
value NPV = 78.6%.

Whereas, for the diagnosis of a sports hernia the sen-
sitivity of ultrasound is 88.89% (95% CI 73.9 - 96.9), the
specificity is 50% (95% CI 23.0 - 77), positive predictive
value PPV = 82.1%, negative predictive value NPV = 63.6%.

DISCUSSION
One of the main imaging methods for the diagnosis of a sports
hernia is MRI, which helps to determine structural changes
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Table V. Single-factor model coefficients for predicting the risk of a sports hernia diagnosis in football players based on ultrasound findings on the left

Coefficient value in the

AL model, btm,

Level of significance of difference
between the coefficient and 0, p

OR score (95%Cl)

Inguinal canal on the left 0.36+0.2

0.08 1.43 (0.95- 2.15)

The size of the deep inguinal

ring on the left 0.15£0.17

0.35 1.17(0.84- 1.62)

Table V1. Two-factor model coefficients for predicting the risk of a sports hernia diagnosis in football players based on MRI findings

Coefficient value in the

Factor model, bm,

Level of significance of difference
between the coefficient and 0, p

OR score (95%Cl)

TMR signal from bone

marrow of superior ramus of 2.68+1.24 0.03 14.6 (1.28- 166.9)
the right pubic bone
TMR signal from the inguinal 3.24+0.98 <0.007 *** 25.6417 (3.74-175.7)

canal on the right

Table VII. Coefficient of the risk of a sports hernia diagnosis in football players based on ultrasound findings

Coefficient value in the

L model, btm,

Level of significance of difference

0
between the coefficient and 0, p ek

Inguinal canal on the right 0.44+0.22 0.04** 1.55(1.01-2.38)
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Fig. 4. ROC — curve of the two-factor model for predicting the risk of a
sports hernia diagnosis based on MRI findings

in the inguinal canal [8]. In addition, this method provides
information on the nature of the changes in the pubic bone
and adjacent myotendinosis structures [9, 10, 11, 12]. Along
with MRI, ultrasound remains a sufficiently informative meth-
od for the examination of this part of the human body [13].

MRI and ultrasound findings make it possible to specify
anatomical changes in the inguinal area, which may be
considered the relevant criteria for diagnosing a sports
hernia in football players.

It was also noted that, when comparing the factors for
a sports hernia diagnosis, a difference was found between

Fig. 5. ROC— curve for predicting the risk of a sports hernia diagnosis based
on ultrasound findings

the values on the right and left side of the body, which may
be explained by individual biomechanical characteristics
of athletes and that football players in the first and second
groups predominantly use their right lower extremity
during the game.

The findings of the study revealed that during MRI
the two factors, which had the strongest influence, were
“increased MR signal intensity on PDfs observed from
the structures of the inguinal canal” and “increased MR
signal intensity on PDfs observed from bone marrow of
superior ramus of the pubic bone”. During ultrasound of
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the inguinal area, the main criterion for a sports hernia
diagnosis was “increased size of the inguinal canal”. The
verification of the diagnosis was carried out on the basis
of the presence of a protrusion in the posterior wall of the
inguinal canal, as it was detected in all 36 (100%) patients
in the first group.

Most likely, these data indicate pathological changes
involving anatomical structures in the inguinal area. These
abnormalities develop due to the appearance of signs of
reactive changes in the pubic bones, resulting from their
displacement one against another in the symphysis area,
the spread of oedema to the surrounding soft tissues of the
inguinal area with increasing hydrophilicity of the ingui-
nal structures, increased MR signal intensity and signs of
inguinal lymphadenopathy.

Based on the findings of our study, we formulated MRI
and ultrasound criteria for a sports hernia diagnosis.

CONCLUSIONS

Increased MR signal intensity on PDfs observed from the
structures of the inguinal canal and increased MR signal
intensity on PDfs observed from bone marrow oedema of
superior ramus of the pubic bone, as well as increased size
of the inguinal canal and the presence of the “weak zone”
protrusion in the posterior wall of the inguinal canal on
ultrasound may indicate the presence of a sports hernia
in football players.

MRI and ultrasound are highly informative imaging
methods for a sports hernia diagnosis. The combination
of these methods makes it possible to accurately detect the
presence of a sports hernia in the football player.
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