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Abstract

BACKGROUND

Optimal physical activity is known to reduce cardiovascular, respiratory and endocrine
system diseases and, as a consequence, improve quality of life. An important risk factor
for reinjuries during normal exercise is the initial connective tissue pathology. The
variety of clinical dysplastic manifestations significantly complicate the timely

diagnosis of this comorbidity.

AIM
To establish pathognomonic sex-specific dysplasia phenotypes that indicate a particular

sensitivity to physical exertion.

METHODS

The study involved 117 participants with recurrent musculoskeletal injuries that
occurred during normal exercise. There were 67 women (57.26%) and 50 men (42.74%),
which made it possible to compare the presence of the identified signs between sexes. A

validated questionnaire was used to screen their connective tissue status.

RESULTS

Ranking the most commonly revealed dysplasia signs depending on their clinical
significance made it possible to establish pathognomonic sex-specific phenotypes that
indicated a particular susceptibility to injuries. Individualized programs of optimal
physical activity are necessary for men with chest deformities, flat-valgus feet,
dolichostenomelia, arachnodactylia, hemorrhoids, abdominal muscle diastasis and
recurrent hernias. In women, special sensitivity to physical exertion was associated with
a combination of signs such as asthenic body, joint hypermobility, overly soft auricles,
thin hyperelastic skin, atrophic striae, telangiectasias and varicose veins. Of particular
importance were universal signs such as gothic palate, scoliosis, kyphosis, leg

deformities, temporomandibular joint crunching, and moderate to high myopia.
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CONCLUSION

Participants’ connective tissue condition should be considered when designing optimal
physical activity programs. Identifying the established sex-specific dysplasia
phenotypes will allow timely optimization of training loads, thus reducing the risk of

injury.

Key Words: Injury risk; Physical activity; Connective tissue condition; Sex-specific

dysplasia phenotypes; Clinical dysplastic manifestations
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Core Tip: Ranking the most commonly revealed dysplasia signs depending on their
clinical significance made it possible to establish pathognomonic sex-specific
phenotypes that indicate a particular susceptibility to injuries. Individualized programs
of optimal physical activity are necessary for men with chest deformities, flat-valgus
feet, dolichostenomelia, arachnodactylia, hemorrhoids, abdominal muscle diastasis and
recurrent hernias. In women, special sensitivity to physical exertion was associated with
a combination of signs such as asthenic body, joint hypermobility, overly soft auricles,
thin hyperelastic skin, atrophic striae, telangiectasias and varicose veins. Identifying the
established sex-specific dysplasia phenotypes will allow timely optimization of training
loads and prescription of therapeutic measures aimed at connective tissue
strengthening that will reduce the injury risk during physical activity and improve

public health.

INTRODUCTION
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Increasing physical activity in the population and promoting a healthy lifestyle are
among the priorities of preventive measures in the health-care systeml[!4l. Optimal and
regular exercise is known to reduce cardiovascular, respiratory and endocrine system
diseases and, as a consequence, improve the quality and duration of lifel>7l. A healthy
lifestyle and the desire to maintain an optimal body functional state through increased
physical activity and sports are becoming an integral part of the modern person’s life,
even during the coronavirus disease 2019 pandemicl®12l. However, physical activity is
invariably associated with injury risk, and professional sports are associated with the
possible occurrence of musculoskeletal posttraumatic chronic conditions as a result of
reinjuries/13-1l.

Recently, there has been an increase in the number of cases involving sprains and
ruptures of the joint ligament apparatus, dislocations and tendon injuries occurring
during normal physical activity'>19l, An important risk factor for this kind of reinjury is
connective tissue pathology, the prevalence of which reaches 85.4% in the population!20-
2] Connective tissue changes caused by impaired synthesis or increased degradation of
its components result in its inability to withstand full mechanical load?42]. The clinico-
morphological manifestations of this pathology are quite variable and exhibit
significant differences between sexes???. In this regard, an individualized approach to
connective tissue assessment and optimal physical activity program design, taking into
account sex-specific features of the dysplastic signs set, becomes relevant. Therefore, the
purpose of this study was to establish pathognomonic sex-specific injury phenotypes
for consideration when designing exercise programs that support optimal physical

activity in men and women.

MATERIALS AND METHODS

Study design and participants
The study, conducted at Sechenov University and European Osteopathic Clinical Center
and in accordance with STROBE guidelines, involved 117 participants with recurrent

musculoskeletal injuries that occurred during normal physical activity in the absence of
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a pronounced traumatic factor. Musculoskeletal injuries of varying severity included
sprains and ruptures of the joint ligament apparatus, dislocations and tendon tears. All
participants, aged 26 to 47 years (average 36.4 + 6.0 years), underwent a complete
clinico-instrumental examination in the period from 2019 to 2022. There were 67 women
(57.4%) and 50 men (42.6%), which made it possible to compare the identified dysplasia
signs between sexes. Using the statistical package G* (EM) Power (Christian Albrechts-
Universitdt, Olshausenstr, Germany)I2¢], it was determined that 21 was the minimum
sample size required for each group for a statistical power of 85% and alpha criterion of

0.05. The formula and the calculations are shown in Figure 1.

Clinico-instrumental examination

The standard clinico-instrumental therapeutic examination was supplemented with an
assessment of anthropometric parameters, such as body height and weight, chest
volume, arm span, lower body segment, zygomatic width, face height, and hand and
foot length. The facial index (the ratio of the facial height to the zygomatic diameter)
was calculated to evaluate the facial skeleton. The Verveck (the ratio of height to the
sum of twice the body weight and chest circumference) and Pignet (the difference in
height and the sum of body weight and chest circumference) indices were calculated to
assess body proportionality. The Varga (the difference between the ratio of body weight
to height and age to 100) and Quetelet (the ratio of body weight to squared height)
indices were calculated to reveal body weight deficiency. The indices of hand
length/height ratios, foot length/height ratios, arm span/height ratios, and upper
body/lower body ratios made it possible to diagnose dolichostenomelia featuresl20211,
Middle finger length and thumb and wrist tests were used to detect arachnodactyly,
and Bayton’s criteria were used to establish joint hypermobility[27-29. Examinations also
included ophthalmic consultation, fibrogastroduodenoscopy, ultrasound, and
radiography. The revealed dysplasia signs were registered in a specially developed
validated questionnairel?!! based on the Kadurina and Abbakumoval?! scale, in which

each sign is assessed from 0 to 4 points[3l.
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Ethical considerations

The study complied with the Helsinki Declaration norms and was fully approved by
the Local Ethics Committee of the LM. Sechenov First Moscow State Medical University
under protocol No 08-19 on 05.06.2019. All participants gave informed consent before
the study.

Statistical analysis

Comparative analysis and ranking of the revealed signs of dysplasia were carried out
using RStudio Desktop (RStudio, Boston, MA, United States). The minimum sample
size required for this study was calculated by power analysis. Intergroup qualitative
indicators were compared using Pearson’s y-square test and Fisher’s exact test.
Differences were considered to be significant when P < 0.05. The results were counted

twice by two independent researchers.

RESULTS

Body proportionality assessment

One of the leading clinico-morphological manifestations of connective tissue pathology
is the asthenic body type identified by calculating special indices (Verveck, Pignet,
Varga, and Quetelet indices) and characterized by significant longitudinal size
predominance and mass deficit. This constitutional type was reliably more common
among women with musculoskeletal reinjuries (Figure 2A).

The data presented in the chart show that men with musculoskeletal disorders were
significantly more likely than women to have disproportionately long hands and feet,
indicating the presence of dolichostenomelia. Arachnodactyly manifested by long, thin,
“spider” fingers was also significantly more common in men in terms of middle finger
length. Notably, there was a higher rate of positive thumb tests in women with

musculoskeletal reinjuries.
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Osteoarticular dysplasia sign assessment

The results of this study are summarized in Figure 3A. Skeletal connective tissue
damage in most persons with musculoskeletal reinjuries manifests sex-independent
changes such as gothic palate, scoliosis, kyphosis, and X- and O-shaped legs. Spinal
pathology, altered leg shapes and, as a consequence, incorrect motor patterns caused
pronounced biomechanical disorders and led to shoulder and shoulder blade
asymmetry in most subjects regardless of sex. The majority of women, in contrast to
men, also had pelvic bone asymmetry. Over half of the participants reported joint
crunching during their movements, and half of the patients were affected by TM]J
crunching. Compared to that in women, the external phenotype in men with
musculoskeletal postexercise disorders was significantly more often formed by chest
deformities, first toe macrodactyly, and flat feet in combination with valgus foot

placement. Women, in turn, were more likely to have joint hypermobility.

Assessment of ectodermal and myopathic dysplasia signs

Ectodermal dysplasia signs such as thin hyperelastic skin with a well-visible vessel
network, overly soft auricles, atrophic striae, telangiectasias, and nail and hair
pathology were more prevalent in women. In addition, abdominal muscle diastasis and

recurrent hernia were more typical for men (Figure 2B).

Internal dysplasia sign assessment

The results indicated that most participants with musculoskeletal reinjuries presented
vascular dystonia, the incidence of which was shown to have a sex-independent
distribution. Mitral valve prolapse, varicose veins and biliary dyskinesia were more
common in women, while hemorrhoids, gastroesophageal reflux and chronic
esophagitis were often observed in men. A specific sign of connective tissue pathology
is moderate to high myopia, which was diagnosed in most men and women with
postexercise musculoskeletal disorders, with a significant prevalence in the second

subgroup (Figure 3B).
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Ranking clinical significance of revealed dysplasia signs

Ranking the most common revealed dysplasia signs depending on their clinical
significance made it possible to establish pathognomonic sex-specific phenotypes that
indicate a particular susceptibility to injuries. Individual programs of optimal physical
activity are necessary for men with chest deformities, flat-valgus feet,
dolichostenomelia, arachnodactylia, hemorrhoids, abdominal muscle diastasis and
recurrent hernias. In women, special sensitivity to physical exertion was associated with
a combination of such signs as asthenic body, joint hy permobility, overly soft auricles,
thin hyperelastic skin, atrophic striae, telangiectasias and varicose veins. Of particular
importance are universal signs such as gothic palate, scoliosis, kyphosis, leg
deformities, temporomandibular joint crunching, and moderate to high myopia (Figure

4.

DISCUSSION

At present, sports medicine is of particular importance in the regular medical-biological
support of people engaged in physical exercise and sports*'33. The main tasks of sports
physicians and physical education specialists are a reasonable choice of sports activities,
timely correction of training load, and prevention of injuries and posttraumatic
conditionsP+¥1. The optimal physical activity program is individually designed for each
person and primarily depends on their initial health state. Of particular importance is
the detection of connective tissue pathology, which determines the increased sensitivity
to mechanical stress, creates injury predisposition and impairs connective tissue
recovery in the posttraumatic period, causing further injury recurrencel20.211,

For the first time, significant sex differences in the prevalence of certain connective
dysplasia signs were revealed in persons with musculoskeletal reinjuries. Indeed, while
bone and myopathic dysplasia signs were significantly more common in men, the
prevalence of skin dysplasia signs and joint hypermobility was noted in women. There

is evidence that sex differences in dysplastic phenotypes are largely due to exposure to
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sex hormones: If testosterone gives greater strength to the connective tissue by
stimulating fibroplastic reactions, then estrogen causes its excessive elasticity and
extensibility, contributing to the appearance of deformity. This explains the greater
percentage of overly soft auricles, thin hyperelastic skin, and atrophic striae in women.
Vascular wall failure is manifested by telangiectasias and varicose veins. Overstretching
of the most powerful ligaments connecting the lumbar spine and the pelvic bones leads
to their inability to firmly fix articular surfaces and form pelvic bone asymmetry, which
is more common in women.

The influence of female sex hormones is also responsible for the higher incidence of
joint hypermobility in the female population, as confirmed by other studiesi23l.
Increased amplitude of movement in the carpometacarpal and metacarpophalangeal
joints in women causes more frequent positive wrist tests in them. The presence of
pathological mobility in the joints naturally leads to the appearance of unnatural
movements in most loaded joints during increased physical activity and chronic
injuryBel.

The pathogenetic mechanism of musculoskeletal reinjury in men with connective
tissue dysplasia is more associated with skeletal system involvement in the dysplastic
process and pathological motor stereotype formation, leading to degenerative-
dystrophic changes in the joints and a tendency toward chronic injuries. Significant
changes in the composition of glycosaminoglycans and type I and III collagen of the
anterior abdominal wall cause an increase in the proportion of muscle diastasis and
recurrent hernias!®l.

The obtained data necessitate the development of a differentiated approach to
dysplasia sign assessment and connective tissue pathology diagnosis in men and
women engaged in physical exercise and sports. At the same time, the current
recommendations for identifying dysplastic phenotypes do not take into account the
sex of the examined subject(22371,

One of our study limitations was the relatively small number of participants, which

may affect the reliability level of the results. In future studies, we will recruit more
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subjects. Another limitation is that the study was conducted in one clinical center and
among individuals with a large age range. For this reason, this study and its results
must be understood as the initial stage of multicenter research for developing measures

to prevent sports injuries.

CONCLUSION

The connective tissue condition should be taken into account when attempting to
design an optimal physical activity program. It is advisable to develop a differentiated
approach to dysplasia sign assessment and connective tissue pathology diagnosis in
men and women engaged in physical exercise and sports. Identifying the established
sex-specific dysplasia phenotypes will allow timely optimization of training loads and
prescription of therapeutic measures aimed at connective tissue strengthening that will

reduce injury risk during physical activity and improve public health.

ARTICLE HIGHLIGHTS

Research background

At present, sports medicine is of particular importance in the regular medical-biological
support of people engaged in physical exercise and sports. Of particular importance is
the detection of connective tissue pathology, which determines the increased sensitivity
to mechanical stress, creates injury predisposition and impairs connective tissue

recovery in the posttraumatic period, causing further injury recurrence.

Research motivation

This study was created because existing methods often do not take into account
differentiated approaches to dyﬁlasia sign assessment and connective tissue pathology
diagnosis in men and women and is therefore aimed at filling this gap and creating

approaches that complement existing ones.
Research objectives
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The purpose of this work was to establish pathognomonic sex-specific injury
phenotypes for consideration when degigning exercise programs that support optimal
physical activity in men and women. The results of the study were conceived as an

addition to the existing methods of assessing the risk of further injury recurrence.

Research methods

In our study, we measured 117 participants with recurrent musculoskeletal injuries that
occurred during normal physical activity in the absence of a pronounced traumatic
factor. Musculoskeletal injuries of varying severity included sprains and ruptures of the
joint ligament apparatus, dislocations and tendon tears. Anthropometric parameters
and indices indicating the presence of signs of connective tissue dysplasia were studied.
An analysis was also performed to identify differences in the presence of signs between

sexes. A validated questionnaire was used to screen the connective tissue state.

Research results
In our research, we studied the ranking of the most commonly revealed dysplasia signs
depending on their clinical significance, making it possible to establish pathognomonic

sex-specific phenotypes that indicate a particular susceptibility to injuries.

Research conclusions

The connective tissue condition should be taken into account when attempting to
design an optimal physical activity program. It is advisable to develop a differentiated
approach to dysplasia sign assessment and connective tissue pathology diagnosis in
men and women engaged in physical exercise and sports. Identifying the established
sex-specific dysplasia phenotypes will allow timely optimization of training loads and
prescription of therapeutic measures aimed at connective tissue strengthening that will

reduce injury risk during physical activity and improve public health.

Research perspectives
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To further develop these findings, it is possible to conduct a larger-scale study with a
larger number of participants. Further refinement of the sex-specific dysplasia
phenotypes is needed for claﬁ'ﬁcation and, possibly, expansion of these findings. With
satisfactorily refined results, it is possible to introduce the proposed methodology into

practice for a clinical trial.

12 /12




80846 _Auto Edited-check.docx

ORIGINALITY REPORT

S

SIMILARITY INDEX

PRIMARY SOURCES

Anna D Shitova, Olga N Kovaleva, Anna V leufieva, 29 words — 3%
Inchekhanum A Gadzhimuradova et al. "Risk
modeling of femoral neck fracture based on geometric
parameters of the proximal epiphysis", World Journal of
Orthopedics, 2022

Crossref



