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Abstract

:

Oral pathologies can cause athletic underperformance. The aim of this study was to determine the effect of malocclusion on maximal aerobic capacity in young athletes with the same anthropometric data, diet, training mode, and intensity from the same athletics training center. Sub-elite track and field athletes (middle-distance runners) with malocclusion (experimental group (EG); n = 37; 21 girls; age: 15.1 ± 1.5 years) and without malocclusion (control group (CG); n = 13; 5 girls; age: 14.7 ± 1.9 years) volunteered to participate in this study. Participants received an oral diagnosis to examine malocclusion, which was defined as an overlapping of teeth that resulted in impaired contact between the teeth of the mandible and the teeth of the upper jaw. Maximal aerobic capacity was assessed using the VAMEVAL test (calculated MAS and estimated VO2max). The test consisted of baseline values that included the following parameters: maximum aerobic speed (MAS), maximal oxygen uptake (VO2max), heart rate frequency, systolic (SAP) and diastolic arterial pressure (DAP), blood lactate concentration (LBP), and post-exercise blood lactate assessment (LAP) after the performance of the VAMEVAL test. There were no statistically significant differences between the two study groups related to either anthropometric data (age: EG = 15.1 ± 1.5 vs. CC = 14.7 ± 1.9 years (p = 0.46); BMI: EG = 19.25 ± 1.9 vs. CC = 19.42 ± 1.7 kg/m2 (p = 0.76)) or for the following physical fitness parameters and biomarkers: MAS: EG = 15.5 (14.5–16.5) vs. CG = 15.5 (15–17) km/h (p = 0.47); VO2max: EG = 54.2 (52.5–58.6) vs. CG = 54.2 (53.4–59.5) mL/kg/min (p = 0.62) (IQR (Q1–Q3)); heart rate before the physical test: EG = 77.1 ± 9.9 vs. CG = 74.3 ± 14.0 bpm (p = 0.43); SAP: EG = 106.6 ± 13.4 vs. CG = 106.2 ± 14.8 mmHg (p = 0.91); DAP: EG = 66.7 ± 9.1 vs. CG = 63.9 ± 10.2 mmHg (p = 0.36); LBP: EG = 1.5 ± 0.4 vs. CG = 1.3 ± 0.4 mmol/L (p = 0.12); and LAP: EG = 4.5 ± 2.36 vs. CG = 4.06 ± 3.04 mmol/L (p = 0.60). Our study suggests that dental malocclusion does not impede maximal aerobic capacity and the athletic performance of young track and field athletes.
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1. Introduction


Recent advances in sports medicine have allowed athletic performance to be monitored using a variety of assessments, including physical, technical, tactical, physiological, psychological, and medical parameters [1,2]. An athlete’s performance depends on the complex interaction of various physiological systems (e.g., proprioceptive, visual, and vestibular) to enable adequate neuromuscular actions [3,4]. The medical committee of sports clubs and federations primarily monitor performance and physiological measures such as the cardiorespiratory and musculoskeletal system with little attention paid to oral health. However, there is evidence that oral pathologies lead to athletic underperformance, suggesting that the monitoring of oral health should be an integral part of the performance testing of athletes [5].



The maxillary and mandibular teeth interact with each other almost 2000 times a day, mainly during chewing and swallowing [6], but this can also occur before and during physical effort. The normal coordination of dental occlusion is essential during physical activity [6], so that athletes have a greater ability to control balance under different conditions [7] such as the mastery of posture developed by gymnasts and dancers [8,9].



The World Health Organization (WHO) reports that malocclusion is a prevalent oral condition in both children and adults. In fact, it is the second most common disorder in children and the third most common in adults, following cavities and periodontal diseases [10]. Occlusion was defined by Boissonnet in 2011 as “Occlusion is the meshing of teeth so that the teeth of the mandible come into contact with the teeth of the upper jaw” [11]. In other words, if the upper (maxillary) and lower (mandibular) teeth do not make proper contact during closure, it is referred to as malocclusion [12,13,14,15]. More specifically, malocclusion is characterized by a poor alignment between the teeth of the upper and lower dental arches. Dental malocclusion refers to the misalignment of dental arches, which can cause various disturbances. Angle’s classification of occlusion and malocclusion is based on the position of the canines and the first molar in the anteroposterior direction [10]. Children who walk with a proper physiology tend to exhibit regular occlusion and are less likely to experience overloading injuries to their temporomandibular joint (TMJ) or vertebral column. Additionally, these children frequently maintain an appropriate posture [16,17]. Dental occlusion maintains the correct position of the mandible and provides comfort to athletes and/or patients [6]. An untreated malocclusion can affect body balance [18]. A study by Yoshida et al. [19] suggested that a reduced number of remaining natural teeth decreases balance control despite the use of dentures. Periodontal ligaments, masticatory muscles, and ensuring proprioception contribute to the regulation of posture and body movements [20]. The position of the mandible is controlled by the trigeminal nerve, which is influenced by posture [21]. A disorder of dental occlusion stimulates the trigeminal nerve and induces a chain of muscular and articular responses [22].



Maintaining good oral health is crucial for athletes, as oral diseases can have a direct impact on their overall health and prevent them from achieving their full athletic performance [23,24]. Sports dentistry focuses on the critical involvement of dentists in the research, prevention, treatment, rehabilitation, and understanding of the impact of oral diseases on the athletic abilities of professional and amateur athletes whilst improving their performance and reducing the risk of injury [25,26]. Later studies have indicated that dental malocclusion affects posture, contractile muscles, and athletic performance [27]. The peak force in occlusion is significantly higher in professional athletes compared with amateurs. A relationship has been described between the muscles involved in occlusion and the force produced by the postural muscles of the spine [28], so that a dental malocclusion influences the spatial position of the spine [29], body balance [19,20,21], vision [3,30], and eccentric strength of postural muscles [22,31,32,33,34,35,36,37,38]. The impact of dental malocclusion on postural stability and performance has been studied in rifle shooting [38], golf [18], and running [39]. Dental malocclusions can affect the development of the upper jaw, cardiorespiratory efficiency during exercise, and physical capabilities [40]. A large number of high-level athletes wear dental appliances to optimize their dental occlusion, thus maintaining their postural balance and athletic performance [6].



Of the elite athletes who participated in the London 2012 and Rio de Janeiro 2016 Olympic Games, 32% believed their oral health had an impact on their athletic performance and 27% said their oral health had an impact on their overall quality of life [41]. A total of 3% of athletes reported difficulties in participating in training due to oral health problems [26,42] and over 40% of them expressed dissatisfaction with their oral health condition [43]. In Brazil, investigations among footballers, basketball players, and triathletes revealed that 74%, 40%, and 38%, respectively, considered that oral problems interfered with physical performance [44]. Nadia Ouaziz represented Morocco in international 5 km and cross-country competitions in the 1990s. She suffered from chronic neck and back pain that affected her performance and recovery between sessions. A dental malocclusion was diagnosed as the source of her problems and orthodontic treatment with an individualized neuromuscular appliance worn during training sessions and at night produced immediate improvements, as stated by the athlete: “I had a lot more power in my legs. I felt refreshed and recovered between sessions” [40]. In 2009, Aly Cissokho’s transfer to AC Milan football club was cancelled due to the detection of a dental problem by the Italian doctors, which, according to them, could have caused numerous physical problems such as injuries [45]. Over the years 1985–1986, the American sprinter Carl Lewis underwent orthodontic treatment to correct his dental malocclusion and later went on to dominate world sprinting competitions in the 1980s and 1990s [46].



Randomized experimental studies on dental occlusion related to performance are limited, particularly on physical tests and biomarkers evaluating the athletic performance of athletes. According to the different hypotheses above, which suggest a negative impact on one or more parameters of athletic performance [3,6,27,30,40], the objective of our investigation was to examine the impact of malocclusion on the maximal aerobic capacity of young sub-elite athletes from the same training center with great similarity in terms of anthropometry, diet, training (same mode and training load), recovery methods, and medical intervention. We hypothesized that orthodontic pathologies such as malocclusion can negatively influence maximal aerobic capacity.




2. Materials and Methods


2.1. Study Design


The main objective of the present investigation was to assess the impact of malocclusion on the physical and physiological capacities of young athletes. We chose a very homogeneous and identical population of athletes (young athletes living in the same training center with the same diet, lifestyle, athletic specialty, training, and medical follow-up) in order to show whether a difference in athletic performance between the control group and the experimental group would be due only to malocclusion.




2.2. Inclusion and Exclusion Criteria of Participants


Participants were recruited according to the following inclusion criteria: young sub-elite middle-distance runners under 18 years of age from the same training center with the same anthropometric data (difference not significant), nutrition, load training, and recovery techniques. The exclusion criteria were a history of musculoskeletal injuries and disorders, significant difference in anthropometric data, smoking, and consumption of alcohol or the regular use of medication for any reason. The participants were required to avoid any physical activity for 48 h before the day of the test and were excluded from the study if they were uncomfortable with any aspect of the experimental protocol.




2.3. Procedures


Written parental informed consent was obtained from all subjects. This study was approved by the Ethics Committee of the Doctoral Centre for Human Biomedical Research at the Faculty of Science, Ibn Tofail University (Kenitra, Morocco) and met the requirements for conducting biomedical research involving human subjects.



A total of 50 young (n = 50; age range: 12–17 years old) highly trained/national-level athletes according to a 6-tiered Participant Classification Framework developed by Alannah et al. [47] participated in the study. A CONSORT flow diagram was included (Figure 1). All subjects were from the Athletics Training Center in Rabat (Center of the Royal Armed Forces, Morocco) and had the same diet and followed regular training programs of the same intensity (five times a week) and were followed by the same medical staff using the same recovery techniques (emersion in cold water and massage). The participants were affiliated with the Royal Moroccan Athletics Federation and competed in middle-distance races at the National Championship level. Orthodontic specialists from the Rabat Dental Consultation and Treatment Centre initially assessed the occlusal status of the athletes using Angle’s molar classification, and were classified as class I (no malocclusion, but crowding or misalignment of teeth), class II (distoocclusions) divisions 1 and 2, and class III (mesiocclusion) [10,46]. The maximum aerobic capacity was measured by baseline values of the following parameters: maximal aerobic speed (MAS), VO2max, heart rate, systolic blood pressure (SAP), diastolic blood pressure (DAP), blood lactate concentration (LBP), and post-exercise blood lactate concentration (LAP).




2.4. Maximal Aerobic Capacity


We used the VAMEVAL test to evaluate the MAS [48]. This test assesses the MAS to estimate VO2max by running at a progressively faster pace in one minute increments. The rhythm was stored as an MP3 file containing sound signals.



The physical test took place on a track that met the standards of the International Athletics Federation. Runners proceeded to blocks that were spaced every 20 m when prompted by the sound of a beep. The speed was then gradually increased by 0.5 km/h every minute. Participants stopped when they were no longer able to maintain the imposed rhythm, at which point the MAS and VO2max were evaluated using a reference table.




2.5. Blood Pressure and Heart Rate Measurements


To obtain the baseline values of systolic and diastolic blood pressure and heart rate, measurements were only taken after the athletes rested for 15 min on chairs, using digital arm blood pressure monitors (Bosch, Sohn, Germany). The recorded values were the average of three measurements. Our measurement method respected and adhered to the recommendations for blood pressure measurements [49,50].




2.6. Blood Lactate Measurements


With the help of the health staff and following the safety recommendations, we sampled 2 mL of blood from our athletes from 9 am to 10 am. Blood lactate concentrations were measured at rest and 3 min after the VAMEVAL physical fitness test. A total of 50 tubes containing heparin were used to store 3 mL blood samples, which were then centrifuged (Hettich® ROTOFIX 32A, Tuttlingen, Germany) for five minutes at 3000 revolutions/min. The plasma was then separated by micropipettes and placed in Eppendorf tubes. The Eppendorf tubes were then placed in coolers and taken to the laboratory for the analysis. Lactate levels were measured using an enzymatic colorimetric method (Roche Diagnostics Cobas C311, Creatinine Jaffe Gen.2, Singapore) [51].




2.7. Statistical Analyses


To assess the normality of the data, we used the visual method (QQ-Plot) and the Agostino–Pearson statistical test. The heart rate, SAP, DAP, LBP, and LAP were normally distributed whereas the MAS and VO2max were not normally distributed. For the normally distributed baseline data, we used a t-test (parametric test); a Mann–Whitney test (non-parametric test) was used for the non-normally distributed baseline data. To analyze the differences in blood lactate before and after physical effort in both groups, we conducted a mixed-effects analysis for repeated measures analysis of variance (ANOVA), and subsequently performed Tukey’s multiple comparison test. Accordingly, the data were presented as means and standard deviations (SD), t-statistic (t), and degrees of freedom (df) for the normally distributed data or as medians and interquartile ranges (IQR (Q1–Q3)) for the non-normally distributed data. In addition, the comparison of the baseline and pre–post data (blood lactate) between the EG and CG was displayed with 95% confidence intervals of the difference (95% CI). The statistical significance was set at p < 0.05 for all analyses. The statistical analysis was performed with GraphPad Prism 9.2.0 statistical software (GraphPad Software Inc., San Diego, CA, USA).





3. Results


A total of 50 young athletes volunteered to participate in this study. After a diagnosis of malocclusion, 13 athletes (5 females and 8 males) without malocclusion formed the control group (CG) and 37 athletes (21 females and 16 males) with malocclusion formed the experimental group (EG). The anthropometric data in the control and experimental groups were similar (age: p = 0.46; BMI: p = 0.76), as shown in Table 1. The values for the MAS, VO2max, heart rate, SAP, DAP, LBP, and LAP in the control and experimental groups are summarized in Table 2 and Table 3. After analyzing our data, we found that the differences in the athletic performance and biomarkers were not statistically significant between the athletes with malocclusions and those without malocclusions, as summarized in Figure 2, Figure 3, Figure 4 and Figure 5. The values were the mean ± SD for the normally distributed parameters (heart rate, SAP, DAP, LBP, and LAP) and the median and IQR (Q1–Q3) for the non-normally distributed parameters (MAS and VO2max), with a 95% confidence interval difference (95% CI) for the comparison of data in the EG and CG during the baseline and pre–post measurements (blood lactate; Table 4).




4. Discussion


Studies examining the association between malocclusion and athletic performance based on several parameters and biomarkers (physical, physiological, and biomechanical) are relatively limited. The aim of this study was to assess the impact of malocclusion on physical and physiological abilities in an identical population of sub-elite runners from the same training center. The results of our study indicated that the MAS, VO2max, heart rate, SAP, DAP, LBP, and LAP were not significantly different (p > 0.05) in elite athletes with good dental occlusion compared with those with malocclusion. However, the findings of this investigation were not in agreement with several studies. Eberhard et al. [52] showed that VO2max levels were impaired in subjects with mild, moderate, and severe periodontitis. Athletic performance was demonstrated to be related to a healthy occlusal balance, which is required for optimal postural balance, injury prevention, and also improved muscle strength [30,53]. Mouth breathing and temporomandibular dysfunction were influenced by malocclusions [46]. Dental trauma had a negative impact on athletic performance, which could be remediated by orthodontic treatment [18]. Poor oral health reduced the physical and physiological capacity of professional soccer players [43,54], and dental malocclusion was associated with a loss of muscle strength in the elderly [55]. There were significant alterations in muscle strength after the disturbance of dental occlusion in healthy women [37], and increases in the muscle activity of the masseter, anterior, temporal, and trapezius muscles occurred in professional ballet dancers six months after gnathological treatment [56]. The oral health of athletes and/or individuals can be improved by the application of an occlusal splint [57]. In accordance with our results, Parrini et al. [58] showed that in athletes with malocclusion, no statistically significant differences were observed between the untreated control group and the treated group when performing countermovement and drop jumps or 10 m and 30 m sprint tests. A recent study reported that changes in dental occlusion did not affect the body posture and muscle activity of the upper limbs in male shooters [59].



The heart rate is regulated by the sympathetic and parasympathetic nervous systems. A consideration of heart rate variability (HRV) (the variation between two consecutive heartbeats, or “R–R”) is useful in controlling the training load, monitoring recovery kinetics, and assessing the training condition of athletes. HRV is influenced by temporomandibular joint dysfunction [60] and malocclusion [61]. Orthodontic treatment leads to improvements in oral function and also in HRV [62]. Ekuni et al. [60] found that the heart rate was higher in young adults with malocclusion.



Normal concentrations of blood lactate are 1 to 2 mmol/L at rest, but reach higher values during intense exercise; for example, average values of between 4 and 8 mmol/L have been recorded in soccer matches [63,64]. The blood lactate level is a biochemical marker of muscle fatigue. According to Durst et al. [65], the blood lactate concentration and heart rate are the best biomarkers of the internal load during physical effort. The lactate levels were similar in both groups in our study, and no association was noted between malocclusion and blood lactate levels. To our knowledge, no study has examined changes in lactate levels in relation to dental malocclusion.



A recent study reported that occlusal disturbances negatively influenced athletic performance, where there were increases in athletes with asymmetric muscle contractions (p = 0.025) coupled with decreased muscle power (p = 0.030) [18]. A significant influence of dental/facial trauma on physical performance (p = 0.006) in young professional volleyball and soccer athletes has also been reported [66]. Malocclusion and its treatments can influence body posture, foot–ground contact, center of mass, footprint, etc. [67,68]. Orthodontic treatment involves aligning or moving teeth to improve their appearance and function. Several studies have suggested that orthodontic treatment has a significant positive impact on the technical correction of malocclusion [69,70,71,72,73,74]. Hard stabilization splints (HSS) are utilized to ease tension in the masticatory muscles whilst directing the mandible to a stable position; these splints boast a simple preparation and easy adaptation, making them effective in reducing clinical symptoms [75,76]. In certain cases, prior to orthodontic treatment, therapeutic interventions such as HSS, counseling, or specific exercises may be employed to alleviate TMJ symptoms and minimize the associated discomfort [77,78]. After isokinetic testing, an increase in quadriceps muscle strength was observed when patients wore occlusal treatment splints [7].



Several factors such as genetics and the environment or a combination of both may be responsible for the high prevalence rates of malocclusion [79,80]. ACTN3 is a gene that codes for an α-actinin-3 protein, a cytoskeletal protein that binds to actin filaments and crosslinks them into dense bodies at the Z-disc of the sarcomere to maintain the myofibrillar network during muscle contraction [81], and is only expressed in type 2 muscle fibers that undergo rapid glycolysis and oxidation [81,82]. A R577X polymorphism (rs1815739) of the ACTN3 gene results from the replacement of arginine by a premature stop codon [83]. The expression of the ACTN3 (RR) genotype is higher in elite power/sprint athletes than in healthy non-athletes [84]. A low expression of the α-actinin-3 protein occurs in individuals of genotype (XX); on the other hand, in homozygous individuals, the genotype (RR) and/or heterozygotes (RX) have a higher expression of α-actinin-3 [85]. The absence of α-actinin-3 protein expression does not lead to any pathology, but can reduce muscle strength and cause intolerance to physical effort, with a dominance of explosive muscle actions [86] and lower bone mineral density [87]. A study by Zebrick et al. [81] reported a strong correlation between the ACTN3 577 (XX) genotype and skeletal class 2 malocclusion (p < 0.01) and significantly smaller type 2 fast-fiber diameters in masseter muscles in genotype (XX) subjects (p = 0.002). In a similar context, Cunha et al. [88] evaluated two genetic variants of the ACTN3 gene (rs1518739 and rs678397) with malocclusion. Concerning the rs1518739 variation, they found a significant association between genotype (XX) and skeletal class 2 malocclusion (p < 0.05); for the rs678397 variation, they observed a significant association with malocclusion (p < 0.05). Our results indicated that malocclusion does not negatively affect the physical and physiological markers of performance in young athletes.




5. Limitations


To our knowledge, our study is the first to examine the relationship between malocclusion and the maximal aerobic capacity of athletes, based on a study of a limited number of biomarkers of sports performance. There are a few limitations to our study, which are: (i) the relatively small number of study participants (n = 50), which may be related to an invasive component of the study that may have triggered a degree of anxiety in adolescents; and (ii) the imbalance in the number of athletes without malocclusion (n = 13) compared with the athletes with malocclusion (n = 37). According to Bichara et al. [89], the average treatment time for malocclusions was 30.27 months; however, a comparative study assessing the impact of malocclusion on athletic performance before and after orthodontic treatment follow-up would be very relevant. The follow-up of a large number of athletes undergoing orthodontic treatment and the assessment of several performance parameters and biomarkers before and after treatment would be very useful to answer the question of the association between malocclusion and athletic performance.




6. Conclusions


Our study indicated that malocclusion does not negatively affect the maximal aerobic capacity of young sub-elite athletes. Other studies have indicated a significant negative influence of malocclusions on athletic performance. These contradictory findings suggest that further studies are needed.
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Figure 1. Flow diagram of study. 
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Figure 2. MAS and VO2max values in the control and experimental groups using Mann–Whitney test. Values are presented as median and IQR (Q1–Q3). Differences between the two groups were not statistically significant (p > 0.05). 
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Figure 3. Heart rates of the control and experimental groups. The values are presented as means and SD. Differences between the two groups were not statistically significant (p > 0.05). 
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Figure 4. SAP and DAP in the control and experimental groups. The values are presented as means and SD. Differences between the two groups were not statistically significant (p > 0.05). 
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Figure 5. Tukey’s multiple comparison test of blood lactate before and after physical effort between EG and CG (one-way ANOVA). 
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Table 1. Anthropometric data of experimental (EG, with malocclusion) and control (CG, no malocclusion) groups. Values are presented as means, SD, and 95% CI.
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	Anthropometric Data
	With Malocclusion

(Mean ± SD)
	Without Malocclusion

(Mean ± SD)
	95% CI of

Difference
	p-Value (t-Test)





	Age (years)
	15.1 ± 1.5
	14.7 ± 1.9
	(−1.43, 0.65)
	0.46



	Body height (cm)
	170 ± 10
	177 ± 12
	(−0.004, 0.14)
	0.06



	Body Mass (kg)
	62.5 ± 9.9
	69.5 ± 10.9
	(0.17, 13.8)
	0.04



	BMI (kg/m2)
	19.25 ± 1.9
	19.42 ± 1.7
	(−1.05, 1.42)
	0.76







SD: standard deviation; BMI: body mass index; 95% CI: confidence interval.
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Table 2. Biological parameters (not normally distributed) in the experimental and control groups. Values are presented as median and IQR (Q1–Q3) and 95% CI.
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	Biological Parameters (Not Normally Distributed)
	With Malocclusion

Median (IQR (Q1–Q3))
	Without Malocclusion

Median (IQR (Q1–Q3))
	95% CI of

Difference
	p-Value (Mann–Whitney Test)





	Maximal aerobic speed (km/h)
	15.5 (14.5–16.5)
	15.5 (15–17)
	(−1.00, 1.00)
	0.47



	VO2max (mL/min/kg)
	54.2 (52.5–58.6)
	54.2 (53.4–59.5)
	(−3.50, 3.50)
	0.62
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Table 3. Biological parameters (normally distributed) in the experimental and control groups. Values are presented as means, SD, 95% CI, t-statistic (t), and degrees of freedom (df).
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	Biological Parameters (Normally Distributed)
	With Malocclusion

(Mean ± SD)
	Without Malocclusion

(Mean ± SD)
	t, df
	95% CI of

Difference
	p-Value (t-Test)





	Resting heart rate (beats/min)
	77.1 ± 9.9
	74.3 ± 14.0
	0.80, 48
	(−10.01, 4.35)
	0.43



	Systolic arterial pressure (mmHg)
	106.6 ± 13.4
	106.2 ± 14.8
	0.10, 48
	(−9.42, 8.5)
	0.91



	Diastolic arterial pressure (mmHg)
	66.7 ± 9.1
	63.9 ± 10.2
	0.91, 48
	(−8.9, 3.32)
	0.36



	Lactate (before physical effort) (mmol/L)
	1.5 ± 0.4
	1.3 ± 0.4
	1.56, 48
	(−0.45, 0.06)
	0.12



	Lactate (after physical effort) (mmol/L)
	4.5 ± 2.36
	4.06 ± 3.04
	0.51, 48
	(−2.10, 1.24)
	0.60







SD: standard deviation; 95% CI: confidence interval; t: t-statistic; df: degrees of freedom.
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Table 4. Comparison of blood lactate before and after physical effort between EG and CG (Tukey’s multiple comparison test). Data are presented as mean difference and 95% CI difference.
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	Tukey’s Multiple Comparison Test
	Mean Difference
	95% CI of Difference
	Significant
	Adjusted p-Value





	EG Lactate B vs. CG Lactate B
	0.2
	(−1.35, 1.75)
	ns
	0.98



	EG Lactate B vs. EG Lactate A
	−2.10
	(−4.10, −1.87)
	****
	<0.0001



	EG Lactate B vs. CG Lactate A
	−2.55
	(−4.10, −1.005)
	***
	0.0002



	CG Lactate B vs. EG Lactate A
	−3.18
	(−4.73, −1.63)
	****
	<0.0001



	CG Lactate B vs. CG Lactate A
	−2.75
	(−4.64, −0.86)
	**
	0.001



	EG Lactate A vs. CG Lactate A
	0.43
	(−1.12, 1.10)
	ns
	0.88







A: after; B: before; 95% CI: confidence interval. The level of significance was p < 0.05 for all comparisons; ns: non-significant; **: significant p < 0.01; ***: significant p < 0.001; ****: significant p < 0.0001.
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