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Abstract

:

(1) Background: Joint hypermobility refers to joint movement beyond normal range. Dentistry requires fine motor skills and manual dexterity; thus, the presence of hand joint hypermobility requires early assessment and intervention. The aim of this cross-sectional study was to assess the prevalence of hand joint hypermobility among first-year dental students and investigate correlations between the severity of their hypermobility and muscular strength. (2) Methods: First-year dental students were evaluated by an occupational therapy team composed of certified hand therapists. The extension of distal interphalangeal, proximal interphalangeal, and metacarpophalangeal finger joints was assessed with bilateral testing of digit hypermobility (with a cut-off of >20° for hypermobility) and classified as high, moderate, or low risk according to number/types of joints involved. Muscular strength was assessed by comparing grip strength, lateral pinch, and three-point pinch to norm values. Right- vs. left-handed individuals, and females vs. males were compared with an independent t-test; the relationships between the variables were investigated using the Pearson correlation. (3) Results: Out of 141 dental students (24.6 ± 3.0, 70% females, 87% right-handed), 15% and 16% were classified as having a high and moderate risk of hypermobility, respectively, with no sex difference. Right-handed students scored significantly higher in the right lateral pinch than left-handed students (18.2 ± 4.8 vs. 13.2 ± 4.1, p = 0.045). A higher severity of hypermobility was associated with bilateral lower grip and pinch strength (p < 0.05). (4) Conclusions: One third of the first-year dental students exhibited moderate to severe hand joint hypermobility. Moreover, those identified as having moderate to severe hand joint hypermobility showed a decreased grip strength.
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1. Introduction


Joint hypermobility is defined as movement of the joint beyond the normal range of motion [1,2]. Several causes contribute to its etiopathogenesis. One of the primary reasons is attributed to abnormalities in collagen, a protein responsible for the flexibility and strength of joints, ligaments, and tendons [1,3]. Collagen dysfunction can arise from genetic mutations affecting the genes responsible for the structure, composition, or function of connective tissues [3,4]. Syndromes such as Ehlers–Danlos syndrome (EDS) and Marfan syndrome are examples of collagen disorders in which joint hypermobility serves as a primary manifestation [3]. Hormonal changes, such as those occurring during pregnancy or the menstrual cycle, can also contribute to joint hypermobility status [5]. Additionally, joint hypermobility may result from previous joint injuries that caused damage to ligaments or the joint capsule, such as sprains or dislocations [5]. Muscle imbalance can further contribute to joint hypermobility if the supporting muscles are unable to provide sufficient stability [5].



The list of the negative consequences of having joint hypermobility is extensive. First of all, the most prominent effect is joint instability, which increases an individual’s susceptibility to subluxations, as well as partial or complete dislocations with a subsequent impairment of their quality of life [6]. Other signs and symptoms are chronic musculoskeletal pain, fatigue, muscle weakness, and joint degeneration [4,6]. Additionally, the severity of hypermobility can increase the likelihood of connective tissue injuries and damage, leading to conditions such as sprains, strains, and tendonitis [6].



A recent classification has categorized joint hypermobility as generalized (i.e., multiple large joints involved, including axial joints, as well as upper and lower limbs), localized (i.e., between one and five joints involved), and peripheral (i.e., limited to the hands and/or feet) [6]. Epidemiological studies on the general population have revealed a prevalence ranging from 2 to 57% [7]. These numbers tend to increase when specific populations are considered, such as young children, individuals with EDS, specific ethnic groups (i.e., Asian, Middle Eastern, or African descent), females, and dancers, among others. Nevertheless, this condition is often underdiagnosed and undertreated, especially in certain patient populations [5]. For example, a study conducted on a university cohort reported that up to 75% of 335 students exhibited some form of joint hypermobility [4]. Studies conducted on medical, physical therapy, and music students revealed a prevalence of generalized joint hypermobility of approximately 13–27% [4,8,9], often accompanied by musculoskeletal complaints and psychological distress [4,10]. While several studies have investigated the prevalence of generalized joint hypermobility, specific estimates for the prevalence of localized and peripheral joint hypermobility are limited [11].



When the affected individuals, such as dental care providers, require fine motor skills and manual dexterity to perform daily working activities, their functional performance may be impaired to varying degrees. Dental professionals rely on their stability, strength, and tactile senses to achieve acceptable clinical outcomes [8]. Unfortunately, individuals with peripheral joint hypermobility have been found to have lower proprioception [12,13], which may result in inappropriate pressure, further hyperflexion of supporting muscles, and an increased risk of musculoskeletal symptoms and injuries [14,15,16,17,18,19,20]. Despite a significant negative impact on these individuals’ daily working activities, limited data are available on peripheral joint hypermobility in dental professionals. To the best of our knowledge, only one study has been conducted among dental students investigating the prevalence of this condition [4], which further demonstrates the limited assessment and therefore the undertreatment of peripheral joint hypermobility within dental school settings.



The potential implications on clinical performance and the urge for the early recognition of this condition led to a collaboration between the Occupational Therapy (OT) and Dentistry departments of the College of Dental Medicine—Illinois (CDMI) at Midwestern University. Accordingly, first-year dental students are now routinely assessed by an OT team at the beginning of their program. By doing so, students that exhibit concerning degrees of hand joint hypermobility can receive adequate and prompt interventions.



Therefore, the aim of this study was twofold: (1) to assess the prevalence of peripheral joint hypermobility among first-year dental students, and (2) to investigate the correlation between the severity of their hypermobility and muscle strength. As the first aim was exploratory in nature, no a priori hypothesis was formulated. As for the secondary aim, it was hypothesized that individuals with higher degrees of hypermobility exhibit a lower level of muscle strength.




2. Materials and Methods


This was an observational cross-sectional study conducted on first-year dental students enrolled at Midwestern University (Downers Grove, IL, USA). The study was approved by the Institutional Review Board of the Office of Research of Midwestern University (20CIRB-IL 23004).



2.1. Eligibility Criteria


Inclusion criteria were subjects (1) who were enrolled in their first year of dental school at CDMI of MWU between 2022 and 2023; (2) who had no previously diagnosed systemic conditions that manifested as hypermobility (such as Ehlers–Danlos syndrome or generalized hypermobility syndrome); (3) who were between 18 and 30 years old; and (4) who understood English. Exclusion criteria were subjects (1) who were enrolled in any other year of dental school at CDMI of MWU, different from their first year; (2) who did not attend the in-person assessment performed by the OT team; and (3) who were not within the age range of 18–30 years.




2.2. Study Procedure


First-year dental students were evaluated by a team constituted of an OT faculty and OT students during 2 h orientation at the simulation lab clinic. Prior to the assessment, the OT students were calibrated by an OT faculty member/Certified Hand Therapist (α > 0.90).




2.3. Assessment of Outcome Measures


All the outcome measures described below were collected by OT students into the Hand Screening by Occupational Therapy for Dental Practice assessment, which was individually completed for each participant. The assessment sheet included the following domains:



Demographics: Participants self-reported their age (years), biological sex (male, female), and hand dominance (right, left, ambidextrous).



Hand joint hypermobility: A digit hypermobility test was conducted on both hands by assessing the extension of distal (DIP), proximal (PIP), and metacarpophalangeal (MP) joints of each finger (thumb, index, middle, ring, and small finger). The digit hypermobility test consisted of pushing each finger (DIP and PIP joints) against a table to test for hypermobility and one’s ability to stabilize joints. An extension of >20° was set as cut-off for hypermobility, as supported by other studies [21]. The hypermobility was classified as follows:




	
at high risk, if hyperextension of multiple joints was observed, with particular emphasis on specific fingers used as fulcrum during dental procedures. Specifically, participants were considered at high risk if hypermobility was observed in the thumb IP, in the index DIP and in the middle DIP fingers, or in the ring PIP/DIP and in the small PIP/DIP fingers.



	
at medium risk, if the participants’ hypermobility involved joints which are not strictly considered as important for finger rest;



	
at low risk, if joints appeared stable with little to no hypermobility (i.e., <20 degrees observed).








Figure 1 presents a detailed summary of this classification.



Muscle strength: Grip, lateral pinch, and 3-point pinch strength were assessed using an annually calibrated isokinetic dynamometer (Jaymar® Dynamometer, AliMed Inc., Dedham, MA, USA) and a pinch meter. The values obtained for each individual were then compared with norm guidelines established according to biological sex (see Table 1 for details). Grip and pinch strength were evaluated for both hands at one time point. Between each test conducted on the same hand, a 5 second rest was given to the subjects to avoid any confounding factors related to fatigue [22]. Before moving to the opposite hand, a 2 min rest was provided [22]. Next, wrist extension strength was evaluated using the Manual Muscle Testing scale which uses a 1–5 scoring system. Wrist extension strength ranged between 1 and 5, with higher values (from 4 to 5) corresponding to normal strength and lower values (below 3) corresponding to reduced strength.




2.4. Statistical Analysis


Prior to conducting the statistical analysis, all the variables were investigated for missing data. In cases in which there were missing data, these were removed from the analysis on a pairwise basis. When outliers were identified, analyses were run with and without outliers. However, if removing the outliers did not change the results, the outliers were kept in the analysis to maximize its power. First, Shapiro–Wilk test was used to confirm the normal distribution of the data collected. As no violation of skewness was found, all the data were analyzed with parametric test. Descriptive statistics was used to present the data as mean, standard deviation, range, and median, as appropriate.



To test Aim 1 (e.g., assessing the prevalence of peripheral joint hypermobility), frequency distribution was computed for all categories of low, moderate, and high risk of hypermobility. Next, independent t-test was used to compare right- vs. left-handed participants as well as females vs. males in the prevalence of peripheral joint hypermobility.



To test Aim 2 (e.g., assessing the correlation between severity of hypermobility and muscle strength), right- and left-handed participants were first compared in terms of muscle strength. Next, values obtained by females and males were compared with the corresponding norm values, and the difference between the muscle strength and the norm values was compared across each sex. Next, correlations between severity of hypermobility (as continuous variable) and muscle strength were investigated with linear correlation. Correlation between severity of hypermobility and demographics was calculated with Pearson correlation.



For all analyses, p-values were set at <0.05. Data were analyzed with SPSS (IBM SPSS Statistics Macintosh, Version 27.000, IBM Corp., Armonk, NY, USA).





3. Results


A total of 141 first-year dental students (70% females, with a mean age of 24.6 ± 3.0 years) were included in the analysis. This constituted the totality of the class, as all students were present on the day of the assessment. The vast majority of them were right-handed (87.2%), followed by left-handed (7.8%) and ambidextrous (0.7%). The remaining 4.3% of them had missing data for this domain.



3.1. Aim 1: Prevalence of Hand Joint Hypermobility


Fifteen percent of the 141 students were classified as being at a high risk of hypermobility, and 16% of them were classified as being at a moderate risk of hypermobility (Figure 2). The remaining 69% exhibited a low risk of hypermobility.



The fingers that were more significantly affected by hypermobility were the left middle finger, followed by the left ring finger, right middle finger, and right ring finger. The least affected in our student cohort were the right and left small fingers, as well as the right index finger. Figure 3 displays the frequency distribution of observed hypermobility according to finger and hand side.



No statistically significant difference was observed in the participants’ risk of hypermobility between females and males (p > 0.05). As there was only one ambidextrous participant, this subject was excluded from the comparison between right- and left-handed individuals. There was no difference in the participants’ risk of hypermobility between right- and left-handed subjects (p > 0.05).




3.2. Aim 2: Correlation between Hypermobility and Muscular Strength


The male students had significantly higher right grip strength (36.9 ± 27.7 vs. 28.4 ± 20.3, t = 1.988, p = 0.049, 95% CI 0.04317–16.80384) and left grip strength (30.5 ± 23.3 vs. 22.9 ± 19.6, t = 1.974, p = 0.050, 95% CI −1.09295, 17.93996) than those of the females. The right-handed students exhibited scored significantly higher in right lateral pinch than left-handed students (18.2 ± 4.8 vs. 15.2 ± 4.1, t = 2.019, p = 0.045, 95% CI 0.616, 5.9813, Figure 4). The scores for right and left wrist extension did not differ between sex (p = 0.506 and p = 0.245, respectively) and ranged between 4.97 ± 0.2 and 5.00 ± 0.0.



A significant correlation of hypermobility was observed between the right and left hands of the same subject (r (141) = 0.808, p = 0.000). A higher severity of hypermobility was associated with bilateral lower grip and pinch strength (Table 2). The severity of hypermobility was not correlated with age (r (127) = 0.018, p = 0.839) nor with sex (r (129) = 0.109, p = 0.220).





4. Discussion


This retrospective study aimed at assessing the prevalence of peripheral hand joint hypermobility among first-year dental students at a single university and correlating hypermobility severity with muscular strength. Our analysis revealed that as many as 30% of the students exhibited a moderate to severe risk of hypermobility, which was correlated to a lower score for muscular hand strength. The findings of this study corroborated the importance of early assessment with a multidisciplinary collaboration between OT, certified hand therapy, and dentistry.



4.1. High Prevalence of Hand Joint Hypermobility among a Cohort of Dental Students


The prevalence of generalized joint hypermobility in the literature is 2–65%. This broad range may be due to different age groups and ethnicities of the included individuals, as well as various scoring systems and cut-off criteria [11,23,24]. The majority of these studies adopted the Beighton [21,25] or the Brighton criteria [26], with prevalence rates in university students ranging from 20% when the Brighton scale was utilized [27] to 26% with a cut-off Beighton score of ≥5 [27] and approximately 40% with a cut-off Beighton score of ≥4 [28]. Specifically, studies that investigated the prevalence of localized joint hypermobility among university students have identified rates ranging between 22% and 58% [4,8,9]. However, one of these studies specifically involved volunteers from physiotherapy and medical courses, which could lead to overrepresentation and potentially result in an overestimation of the prevalence of hypermobility [8]. Another study was conducted on individuals attending a music school [9], a category that has been speculated to have a higher risk [29]. Conversely, a single study assessed the prevalence of peripheral hand joint hypermobility in a similar sample population [4]. This research was conducted on 319 dental students across five years of dental school, divided into different ethnic and age groups for an analysis [4]. The findings of this study revealed that Taiwanese individuals displayed a higher prevalence of peripheral joint hypermobility, with 29.0% of them exhibiting a severe form while 25.8% exhibited a moderate form. On the other hand, Arab students were the second most common group to present with moderate hypermobility, which was observed in 40.0% of them. It is important to note that this investigation utilized different assessment tools to identify hypermobility compared to our present study, namely the Beighton scale with a cut-off of 4 and the Brighton criteria with a minimum of two major criteria or one major and two minor criteria. As a result, this study examined hyperextension of the elbow, knee, trunk, and palms of the hands resting on the floor, which were not evaluated in our study. Additionally, this study did not explicitly exclude subjects diagnosed with a generalized hypermobility syndrome. Consequently, the results obtained from this study may not be directly comparable with our findings.



The current study revealed a worrisome prevalence rate of peripheral hand joint hypermobility among a cohort of first-year dental students. As many as 15% and 16% of them had a high and moderate risk of hand joint hypermobility, respectively. This is a concerning number, considering that a higher degree of hypermobility has been associated with the development of musculoskeletal complaints in longitudinal and cross-sectional studies [30,31]. This risk factor further contributes to the already elevated prevalence of musculoskeletal disorders among dental professionals, which accounts for as high as 98% [32,33,34,35].



One other potential musculoskeletal condition is the development of osteoarthritis. Complaints of osteoarthritis in one’s hands have been specifically associated with an increased laxity at the thumb MP joint [36,37]. In our study, a greater hypermobility at the thumb joints was detected in a minority of the students. Conversely, the greatest degree of hypermobility was most commonly observed in the middle and ring fingers of both hands. This is in contrast to other studies that have identified the small finger and the thumb as the fingers with more severe hypermobility [7,38]. However, these studies were not conducted on a dental student population. Our finding of the middle and ring finger joints being the most affected is noteworthy for the field of dentistry, considering that these fingers constitute the finger rest for the majority of the hand grip position during dental procedures (e.g., pen grasp and modified pen grasp) [39]. Consequently, students may naturally adjust their hand position to one that is more stable, comfortable, and efficient to overcome their hypermobility. Yet, an inappropriate instrument grasp has been associated to compromised clinical performance, the use of increased force and pressure, and reduced control and stability [40].



Finally, contrary to other studies in the literature that have suggested a higher prevalence of hypermobility in females [8,9,27,40,41], the present investigation did not reveal any sex predominance. This is in accordance with other studies conducted in a similar population of university students [4,23].




4.2. Hypermobility Is Associated with Lower Muscle Strength


Our results suggested that individuals with higher finger hypermobility exhibited lower muscle strength, namely reduced bilateral lower grip and pinch strength. This corroborated the findings of other investigations that have revealed strength and proprioception deficits in patients with hypermobility [15,42,43]. The main reason for this appears to be attributed to a significant tendon laxity, rendering them unable to effectively transmit the power generated by the muscles [44]. Interestingly, a study found that males, but not females, with hypermobility showed lower muscle strength [22]. Future studies should be designed to confirm our findings, as to the best of our knowledge, this is the first study that specifically assesses a correlation between muscle strength and hypermobility in participants’ hands. Moreover, for the present study, three measures of muscle strength were selected (e.g., grip pinch, lateral pinch, and three-point pinch strength). Future research should incorporate other assessment measures, such as palmar pinch strength, power grip strength, key grip strength, finger abduction/adduction strength, or finger flexion/extension strength, among others.



It is important to note that the negative association between the severity of hypermobility and muscle strength did not take into consideration potential confounding factors derived from one’s age, body mass index (BMI), and/or physical activity level. Age is a crucial factor as muscle strength tends to naturally decline with increasing age, attributable to a 3–8% loss of muscle mass per decade after the age of 30 [45] and reduced muscle function [46]. As such, failing to adjust for age may lead to an inaccurate overestimation of the relationship between these variables. However, the age range within our sample population was limited, spanning from 21 to 27 years. Given that previous studies have consistently reported a notable decline in muscle strength beyond the age of 30 [45], it is unlikely that this confounding factor significantly impacted our findings. Moreover, the results of another study have questioned the existence of a relationship between age and hypermobility [47]. However, that study focused specifically on 14-year-old adolescents, which may not accurately reflect possible associations observed in older age groups. A second confounding factor is the body mass index (BMI). BMI can influence muscle strength in that higher BMI values are often associated with increased body weight and potentially more muscle mass [48]. This has also been confirmed in studies specifically examining handgrip strength [49]. Although in this study the students’ BMI was not assessed, it should also be noted that BMI alone does not provide a complete picture of body composition, and other factors such as the muscle-to-fat ratio can vary among individuals with the same BMI [50]. Finally, physical activity levels can significantly affect muscle strength. Individuals who engage in higher levels of physical activity tend to exhibit overall stronger muscles, regardless of their joint hypermobility status. Various studies have specifically examined the impact of structured exercise programs on muscle strength in people with generalized joint hypermobility. These investigations have shown increased muscle strength in specific areas, such as knee extensor muscle torque [51], shoulder strength [52], and trunk muscle endurance [53]. Nevertheless, a recent randomized controlled trial involving women with joint hypermobility failed to demonstrate any improvement in muscle mass and muscle strength in knee extensors [54]. These differences in findings may be attributed to variations in the studies’ assessments of strength, different resistance levels, and training frequency. Moreover, the fact that the aforementioned study exclusively included females could also contribute to the contradictory findings. It is worth noting that our study specifically excluded individuals with generalized joint hypermobility, unlike the subjects included in these previous studies. Hence, it is recommended that future investigations explore and account for physical activity level as a potential confounding factor to obtain a more comprehensive understanding of the relationship between these variables.




4.3. Future Directions


So far, the management of peripheral hand joint hypermobility has included the use of prefabricated finger orthoses to limit the hypermobility of the finger joints, thereby reducing pain and discomfort. However, to date, little is known on the uptake, long-term compliance, and effectiveness of these devices. In other words, for dental students who have been assessed and identified, is a finger orthosis a feasible and accepted strategy to be used while performing dental tasks? Similarly, if a finger orthosis is provided to an individual with hypermobility, what is the rate of compliance in the long term? Moreover, provided that the device is used, is it objectively effective in addressing their impaired functioning?



There are very few studies available in the literature that have attempted to answer these research questions. These investigations tested these devices by having participants perform validated tasks, such as a targeted box and block test, writing test, and test involving picking up coins [1,55,56]. Nevertheless, to the best of our knowledge, no study has investigated the effectiveness of these finger orthoses while performing dental tasks, nor have pain or discomfort been assessed while using these devices. From our clinical experience, the dental students that exhibit hypermobility express frustration and distress when they realize at the beginning of their dental career that a physical and not previously addressed impairment might lead to unsatisfied clinical outcomes. As such, future clinical studies are advocated to address these important gaps.



Moreover, it has been observed that an adjustment of the finger position naturally occurs in these individuals to limit finger bending due to their hypermobility. Therefore, personalized interventions are advocated at an early stage of dental students’ careers, ideally during the preclinical curriculum when proper ergonomics, instrumentation, and hand skills are developed.



Lastly, nothing is known about the actual comfort of the prefabricated devices available on the market. Recently, advances have been made with Computer-Aided Design and Computer-Aided Manufacturing (CAD-CAM) systems in fabricating custom-made devices. Potentially, this may increase the comfort of these devices. Our group of researchers is currently working on testing the feasibility and the effectiveness of CAD-CAM finger orthoses in a dental student population.




4.4. Strength and Limitations


This study highlighted the worrisome prevalence of young individuals with hand joint hypermobility among a cohort of first-year dental students. It adopted a grading system specifically designed for dental professionals and was able to identify the severity of the participants’ hypermobility, in contrast to the dichotomous pattern of other validated criteria [10,57]. It also reinforced the need for multidisciplinary assessments, followed by appropriate interventions, conducted by occupational therapy and/or hand specialists.



This study also had some important limitations. First, its cross-sectional nature reflected only one time point, and nothing can be ascertained on the progression of hand joint hypermobility. Studies in the literature have suggested a progressive decrease in hypermobility and hyperlaxity over time. As such, the current investigation can only be generalized to young individuals belonging to the same age group (i.e., the range between 21 and 27 years). To overcome the limitations derived from our cross-sectional design, we plan to conduct a standardized assessment of hand joint hypermobility on incoming classes of first-year dental students over an extended period. By implementing this repeated longitudinal assessment, possible trends and patterns of hypermobility may emerge over time and will contribute to more robust and generalizable findings. Furthermore, repeating the assessment on the same subjects over time will provide valuable insights into the natural progression of hypermobility, particularly within this specific population. Longitudinal studies also have the potential to identify risk factors that contribute to the development or progression of hand joint hypermobility among dental students. Factors such as ergonomics, workload, and specific dental procedures can be examined to understand their potential influence on the severity of hypermobility.



Moreover, the relatively small sample size of the study (n = 140) limits the generalizability and external validity of our findings. However, this assessment has now been incorporated in the dental curriculum for first-year dental students. Consequently, future studies employing a longitudinal design and standardized assessment tool will be able to validate these findings. In addition, our study relied on self-reported data on the participants’ dominant hand, which limits the reliability of the findings. To enhance future study designs, it is recommended to validate self-reported data through means such as medical records or a clinical assessment, in which the students’ actual performance on a manikin is observed. Next, the results of this study can only report the extent of hypermobility with no speculation on pain symptomatology. Future studies are needed to investigate pain and discomfort in individuals with peripheral joint hypermobility while performing functional dental tasks. Moreover, the present investigation utilized a hand screening assessment developed by an OT to assess dental students. As such, comparisons with other available studies in the literature that used different scoring systems (e.g., the Beighton score, Brighton criteria, or Horan Joint Mobility Index) may not be accurate. The hand screening assessment was adopted in our study because it was considered more pertinent for our cohort of dental students, as the finger joints, rather than elbow, knee, and trunk, are particularly crucial for daily performance tasks. In addition, even by adopting a standardized scoring system, the results would have been difficult to compare across the studies, due to the several recommended cut-off scores [58]. Moreover, the aim of this study was to assess the prevalence of joint hypermobility limited to the hand; therefore, a more comprehensive assessment was not needed.



This study did not assess the contribution of ethnicity to the presence of hand joint hypermobility, which is known to represent a non-modifiable risk factor [4,7]. However, the cohort included in this study was constituted predominantly by white individuals, and, as such, a comparison between different ethnicities would have not achieved enough power for inferential statistics. Lastly, although a significant correlation was found between the severity of hypermobility and reduced muscle strength, the results were not controlled for possible confounding factors such as BMI, pain symptoms, or participation in sports [22]. Future studies adjusting for these variables are advocated.





5. Conclusions


The results of this study showed that approximately one-third of a cohort of first-year dental students exhibited moderate to severe hand joint hypermobility. Moreover, individuals with higher degrees of joint hypermobility were revealed to have decreased grip strength. Ultimately, these findings suggest that hand joint hypermobility may have significant implications for certain professions that require fine-motor skills, such as dentistry. This study also demonstrated the importance of early assessment as well as interprofessional and multidisciplinary collaboration within the predoctoral dental field.
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Figure 1. Classification of risk of hypermobility modified according to dental students’ functional tasks. 
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Figure 2. Frequency distribution of risk of hand joint hypermobility. 
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Figure 3. Frequency distribution of joint hypermobility according to each finger (L: left; R: right). 
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Figure 4. The box plot displays a statistically significant difference in right lateral pinch between right- and left-handed students. 
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Table 1. Norm guidelines according to biological sex used to assess muscular strength.
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Outcome

	
Norm Guidelines




	
Males

	
Females






	
Grip Strength

	
71

	
45




	
Lateral Pinch Strength

	
19

	
13




	
3-Point Pinch Strength

	
15

	
11
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Table 2. Correlation between muscle strength and severity of hypermobility in the right hand (a) and in the left hand (b). * denotes p values < 0.05.
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(a) Right hand




	

	
2.

	
3.

	
4.

	
5.




	
1. Severity of hypermobility

	
0.030 *

	
0.071

	
0.007 *

	
0.875




	
2. Grip strength

	
1

	
0.000 *

	
0.000 *

	
0.574




	
3. Lateral pinch

	

	
1

	
0.000 *

	
0.671




	
4. Three-point pinch

	

	

	
1

	
0.155




	
5. Wrist extension

	

	

	

	
1




	
(b) Left hand




	

	
2.

	
3.

	
4.

	
5.




	
1. Severity of hypermobility

	
0.021 *

	
0.008 *

	
0.015 *

	
0.301




	
2. Grip strength

	
1

	
0.000 *

	
0.000 *

	
0.602




	
3. Lateral pinch

	

	
1

	
0.000 *

	
0.860




	
4. Three-point pinch

	

	

	
1

	
0.795




	
5. Wrist extension

	

	

	

	
1
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