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During pregnancy, women undergo significant physiological, hormonal, and biomechanical changes that influence their gait. The forward shift of the center of mass and increased joint loads often result in a “waddling gait,” elevating the risk of falls. While gait changes during pregnancy have been documented, findings across studies remain inconsistent, particularly regarding variations at different pregnancy stages. This systematic review and meta-analysis aimed to quantify the impact of pregnancy stages on spatiotemporal gait parameters. A comprehensive literature search across six databases (PubMed, Web of Science, Scopus, EBSCO, Embase, and Cochrane Library) was conducted to identify studies on pregnancy and gait, and data on publication details, methodology, participant characteristics, gait outcomes, and study limitations were extracted. Out of 4,581 initial records, 21 studies met the inclusion criteria. The meta-analysis revealed significant changes in gait parameters during pregnancy, with decreases in stride length (effect size = −0.29) and gait speed (effect size = −0.55), and increases in stride width (effect size = 0.45), cycle time (effect size = 0.38), and double support time (effect size = 0.41). Meta-regression analyses indicated that gestational weeks significantly impacted stride length (β = −0.03 [95% CI, −0.055 to −0.002], p < 0.05) and stride width (β = 0.02 [95% CI, 0.003 to 0.039], p < 0.05), while no significant effects were found for cycle time, double support time, or gait speed. In conclusion, pregnancy leads to significant changes in gait patterns, with a notable increase in stride width and a decrease in stride length as gestation progresses, suggesting these adjustments are strategies for maintaining balance and stability in response to physiological changes. The analysis also emphasizes that while gestational age influences gait adaptations, other factors such as pelvic girdle pain, footwear, and psychological influences play crucial roles. Understanding these complex gait changes can inform interventions and guidelines to support mobility and safety for pregnant women throughout their pregnancy.
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1 INTRODUCTION
As pregnancy progresses, a woman’s body experiences a series of rapid adaptations to support the growth and development of the fetus, including physiological (Kazma et al., 2020), hormonal (Feldt–Rasmussen and Mathiesen, 2011), emotional (Ibrahim et al., 2019), and biomechanical adaptations (Wong and McGregor, 2018; Zia et al., 2022). Physiologically, pregnancy involves increased plasma volume, cardiovascular changes, and metabolic adjustments (Kazma et al., 2020; Aguree and Gernand, 2019). Hormonal changes, such as elevated progesterone and relaxin, loosen ligaments and affect muscle tone in preparation for childbirth, which can also contribute to emotional fluctuations and increased sensitivity, potentially influencing gait and mobility (Murray and Hendley, 2020; Atay and Iz, 2015). Emotional fluctuations during pregnancy, driven by both hormonal shifts and the psychological demands of impending motherhood, may lead to increased stress levels that affect physical health behaviors such as exercise and mobility, which in turn can influence gait stability and overall movement patterns (Ibrahim et al., 2019; Bjelica et al., 2018). Biomechanically, the most noticeable change is the forward and downward shift of the body’s center of mass due to increased mass in the anterior lower trunk, leading to altered moment arms around the hip joint and an increase in hip adduction moments (Foti et al., 2000). Notably, these biomechanical changes can persist up to 5 years postpartum (Bertuit et al., 2015; Fukan et al., 2024).
Walking, as one of the most common physical activities during pregnancy (Nascimento et al., 2015), is greatly affected by these biomechanical changes, resulting in unique spatiotemporal gait characteristics (Wong and McGregor, 2018). The postural and gait adjustments during pregnancy are often characterized by increased lateral sway and altered pelvic movement, which have been linked to an elevated risk of instability and falling incidents (Foti et al., 2000; Mei et al., 2018; Sunaga et al., 2013; Branco et al., 2022; Forczek et al., 2020; McCrory et al., 2014).
Various studies have documented that pregnancy leads to changes in gait parameters, such as reduced walking speed and cadence, shortened step length (Zia et al., 2022; Bertuit et al., 2015; Takeda et al., 2009; Carpes et al., 2008; Branco et al., 2013), increased double support time (Carpes et al., 2008; Branco et al., 2013; Ramachandra, 2018), and a wider stance (Branco et al., 2013; Forczek and Staszkiewicz, 2012; Christensen et al., 2019; Krkeljas, 2018). Additionally, compensation through the mediolateral component of the ground reaction force has been observed (Forczek et al., 2018). However, Foti et al. (2000) offered a different perspective, suggesting that gait parameters can be adjusted by increasing the load on hip and ankle muscles to maintain gait stability.
The impact of pregnancy on walking may vary across different stages, but treating all pregnant women as a single group overlooks these trimester-specific variations. Previous studies attempting to quantify these differences have been limited by small sample sizes (Bertuit et al., 2015; Forczek et al., 2020; Branco et al., 2013; Ramachandra, 2018; Krkeljas, 2018; Gimunová et al., 2020; Forczek et al., 2019; ElDeeb et al., 2016; Błaszczyk et al., 2016). Meta-analysis offers a way to address this limitation by synthesizing data across multiple studies, providing a clearer picture of trimester-specific gait changes.
This study seeks to perform a systematic review and meta-analysis to measure the extent of the impact of pregnancy on spatiotemporal gait characteristics and to explore dynamic trends across different pregnancy stages. We hypothesize that a linear relationship exists between gestational weeks and gait parameters, drawing on prior research that suggests progressive gait adjustments with advancing pregnancy stages (Gilleard, 2013). This study aims to test this hypothesis, offering further insights into how pregnancy progression affects gait changes.
2 METHODS
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement (Moher et al., 2015) and Meta-Analysis of Observational Studies in Epidemiology (MOOSE) guidelines (Stroup et al., 2000). The review protocol was registered with PROSPERO (Registration No. CRD42023423741).
2.1 Eligibility criteria
The inclusion criteria for the studies were defined using the PICO (Population, Intervention, Comparison, and Outcomes) framework, as outlined in Table 1. The population consisted of healthy pregnant participants at clearly defined stages of pregnancy, specifically excluding those with high-risk pregnancies or any pre-existing medical conditions that could influence gait, such as musculoskeletal disorders, hypertension, or diabetes. The pregnancy period is categorized into three distinct trimesters: the first trimester, spanning from conception to 13 weeks; the second trimester, covering weeks 14–27; and the third trimester, extending from 28 to 40 weeks. The intervention focused on walking at a self-selected pace, while comparison groups included non-pregnant participants, postpartum women, or those in early pregnancy (under 12 weeks). The primary outcomes assessed were spatiotemporal gait parameters. Studies were excluded if they were abstracts, review articles, or case studies. In cases where multiple studies involved the same participant sample, only the primary study was included to avoid duplication.
TABLE 1 | Inclusion criteria following the PICO framework.
[image: Table 1]2.2 Search strategy and study selection
Two reviewers working independently (LX and ZH) conducted an extensive literature search was conducted using six databases, including PubMed, Web of Science, Scopus, EBSCO, Embase, and the Cochrane Library. The initial search was conducted in April 2023 and updated in February 2024, with no additional studies identified in the updated search. The complete search strategy is detailed in Appendix 1, and no date restrictions were applied to ensure comprehensive coverage of relevant literature. A total of 4,581 articles were retrieved, which were imported into EndNote X9 (Clarivate, Philadelphia, Pennsylvania, United States) for management, and 1,838 duplicates were systematically removed.
Following duplicate removal, 2,743 articles remained for screening. Two reviewers (LX and SY) independently evaluated these articles based on their titles and abstracts, resulting in the exclusion of 2,654 articles that did not meet the eligibility criteria. An additional six articles were identified through a manual review of reference lists from relevant studies. In total, 95 full-text articles were assessed for eligibility, of which 74 were excluded for various reasons. Ultimately, 21 studies met the inclusion criteria and were included in the qualitative and quantitative analyses, demonstrating a high level of inter-rater reliability (kappa = 0.87, 95% CI: 0.70–1.00) (Landis and Koch, 1977). The detailed study selection process is illustrated in the PRISMA flow diagram (Figure 1) (Page et al., 2021).
[image: Figure 1]FIGURE 1 | PRISMA flow diagram illustrating the study selection process for the systematic review (N = 21).
2.3 Quality assessment and data extraction
The risk of bias for each included study was assessed using the QualSyst critical appraisal tool for quantitative research (Kmet et al., 2004). QualSyst was selected due to its comprehensive evaluation of methodological rigor, making it well-suited for assessing the quality of diverse quantitative studies. This tool evaluates 14 specific criteria (outlined in Table 2), which cover aspects such as study design, data collection methods, and statistical analysis. Each criterion is scored as follows: “yes” = 2, “partial” = 1, “no” = 0, and “not applicable” = “NA.” Two independent reviewers (LX and ZH) conducted the quality assessments to ensure objectivity and minimize bias, with any disagreements resolved by a third reviewer (SY) to enhance reliability. Based on the total scores, studies were categorized as high quality (≥75%), moderate quality (55%–74%), or low quality (<55%). This thorough evaluation guaranteed that only high-quality studies were included, strengthening the credibility of the review’s results.
TABLE 2 | Quality assessment ‘Qualsyst’.
[image: Table 2]For the quantitative synthesis, the means, medians, and standard deviations were collected from the results sections and tables of the included manuscripts. When necessary, the Web Plot Digitizer program was used to extract missing data. If data were unavailable or incomplete, the corresponding authors were contacted. Data extraction was conducted by one reviewer (LX) and independently verified by another (MJ), with any discrepancies resolved through consensus. Tables 3, 4 provide an overview of participant characteristics and methodological details of the studies. The extracted data encompassed study details (including study ID and country), the stage of pregnancy, sample size, participant characteristics such as age (years), BMI (kg/m2), and other relevant traits, the study design, footwear conditions, the type of system used for gait analysis, the walking protocol, outcome measures, and any study limitations.
TABLE 3 | Study and participant characteristics overview.
[image: Table 3]TABLE 4 | Summary of study designs and methodological characteristics.
[image: Table 4]2.4 Statistical analysis
Hedges’ g (adjusted standardized mean differences) was used to report effect sizes, allowing for precise comparisons across studies. Considering that the majority of the included studies had sample sizes between 6 and 70, Cohen’s d could potentially overestimate the true effect size in such cases. Therefore, Hedges’ g was chosen as it incorporates a correction factor for sample size, effectively reducing bias and providing a more reliable estimate.
To investigate the relationship between pregnancy stage and gait parameters, we first conducted a meta-analysis using the DerSimonian and Laird random-effects model with Knapp-Hartung adjustments, accounting for study heterogeneity. This method was chosen because it allows for the incorporation of both within-study and between-study variability. For studies with multiple intervention groups (e.g., different pregnancy stages), each group was analyzed separately to ensure that all relevant data were included without compromising the integrity of the results.
Following the meta-analysis, a continuous moderation analysis was performed for each gait parameter (e.g., gait speed, double support time), treating gestational weeks as a continuous moderator variable. Regression lines with 95% confidence intervals (CIs) were generated to visualize the relationship between pregnancy stages and gait changes. To ensure the robustness and reliability of the meta-regression models, each analysis required a minimum of 10 studies (Harrer et al., 2021).
All statistical analyses were conducted using R (version 3.6.2) with the ‘meta’ package (Schwarzer, 2007). Two-sided tests were applied, with a significance level set at P < 0.05. Publication bias was assessed using Egger’s test to detect any potential asymmetry in the data, ensuring the validity of our results.
3 RESULTS
3.1 Participant characteristics and study designs
A total of 598 pregnant individuals from 15 countries were included in the analysis, with gait parameter data collected from 185 participants in the first trimester, 374 participants in the second trimester, and 482 participants in the third trimester. Some individuals were assessed at multiple stages of pregnancy, although some individuals were assessed at multiple stages, each stage’s data were analyzed as a separate group, ensuring that measurements from different trimesters were treated independently in the analysis. The participants’ ages ranged from 22 to 37 years, and their BMI values varied between 19.7 and 29.9 kg/m2. Five key gait parameters were identified for analysis: stride length, stride width, cycle time, double support time, and gait speed. Among the 21 included studies, 4 used early pregnancy (≤12 weeks) as the baseline for comparison, while 8 studies selected postpartum women as the control group. The remaining studies employed non-pregnant women who had never been pregnant as the control group. In cases where a non-pregnant control group was unavailable, gait parameters from 6 weeks postpartum or within 12 weeks of early pregnancy were used as control data. Given that gait changes are minimal during early pregnancy and physical function tends to partially recover by 6 weeks postpartum (Aguree and Gernand, 2019; Ramachandra, 2018; Conder et al., 2019), this approach is both reasonable and justifiable for approximating non-pregnant references. Most studies applied stringent exclusion criteria, typically excluding participants with orthopedic or neurological conditions, multiple pregnancies, high-risk pregnancies, or any factors that could affect gait.
Among the 21 studies evaluated, all were rated as high quality (≥75%), with scores ranging from 81.82% to 90.91%. The highest scores (90.91%) were achieved by Lymbery (Lymbery and Gilleard, 2005) and Bird (Bird et al., 1999), reflecting robust research designs and well-defined methodologies. Common strengths across these studies included clearly defined research questions, appropriate study designs, and comprehensive outcome measures. However, certain limitations were noted, such as the lack of random allocation and blinding of researchers and participants, which were often marked as “Not Applicable” (N/A). Despite these limitations, most studies provided detailed results and conclusions that were well-supported by their findings, thereby enhancing the overall reliability and validity of the evidence in this review.
Most of the studies (n = 16) employed a longitudinal design to observe gait changes over time in pregnant women, while 6 studies used a cross-sectional approach to capture gait characteristics at specific points during pregnancy or postpartum. The majority of participants (n = 12) walked barefoot, with only two studies using shoes, and 3D motion analysis emerged as the most common data collection method, employed in 13 studies. Walking protocols varied, with walkway lengths ranging from 5 to 20 m, while treadmill use was reported in only two studies. Frequently analyzed gait parameters included velocity, stride length, stride length, stance time, and double support time, with most studies observing a significant decrease in velocity and stride length during pregnancy.
3.2 Synthesis of results: meta-analysis
Random-effects meta-analyses were performed to assess different gait parameters across pregnancy. For stride length (k = 21), a modest yet significant effect size was identified (−0.29; 95% CI: 0.57 to −0.01; p = 0.04), accompanied by substantial heterogeneity (I2 = 80.80%). Step width (k = 16) demonstrated a moderate and significantly positive effect size (0.45; 95% CI: 0.25 to 0.66; p < 0.0001) with low heterogeneity (I2 = 18.89%). The analysis of gait speed (k = 23) indicated a moderate and significantly negative effect size (−0.55; 95% CI: 0.83 to −0.27; p = 0.0001), with considerable heterogeneity (I2 = 77.10%). Cycle time (k = 10) yielded a small to moderate positive effect size (0.38; 95% CI: 0.08 to 0.69; p = 0.01) with moderate heterogeneity (I2 = 53.73%). Finally, double support time (k = 13) indicated a small to moderate positive effect size (0.41; 95% CI: 0.02 to 0.79; p = 0.04) with substantial heterogeneity (I2 = 87.29%).
Egger’s test indicated no significant publication bias for gait cycle time (p = 0.74), gait speed (p = 0.94), stride width (p = 0.18), or double support time (p = 0.45), and stride length (p = 0.15). To assess the impact of pregnancy weeks on spatiotemporal gait characteristics, sensitivity analyses were performed on 5 gait parameters, including stride length, focusing on the effects of measurement devices and footwear type. The analyses showed no significant qualitative differences compared to the primary results, except for stride length, where variations in gait assessment tools and footwear did result in qualitative changes. In the first sensitivity analysis, which included only studies using 3D motion analysis technology, the results were as follows: double support time (F1,7 = 0.45, p = 0.21), gait cycle time (F1,6 = 0.92, p = 0.37), speed (F1,16 = 0.10, p = 0.75), and stride width (F1,12 = 0.046, p = 4.93). In the second analysis, focusing on barefoot conditions, the results were: double support time (F1,7 = 0.21, p = 0.65), speed (F1,8 = 0.001, p = 0.97), and stride width (F1,7 = 8.68, p = 0.02). These results indicate that double support time, cycle time, speed and stride width remained consistent across different gait assessment tools and footwear conditions. For stride length, sensitivity analyses revealed the following results: studies using 3D motion analysis technology showed (F1,14 = 3.45, p = 0.08), while studies involving barefoot conditions showed (F1,11 = 2.42, p = 0.14). The results suggest a variation from the primary analysis, implying that the choice of gait assessment tools and footwear could affect the association between pregnancy stages and stride length.
In studies using 3D motion analysis, no significant changes were observed for double support time, gait cycle time, speed, and stride width. For barefoot conditions, consistent findings were seen for double support time, speed, and stride width, except stride length, which demonstrated variation influenced by the assessment tools and footwear type.
Meta-regression analyses examined the impact of gestational weeks on gait parameters, revealing that stride length (β = −0.03; 95% CI: 0.055 to −0.002; p < 0.05) significantly decreased, and stride width (β = 0.02; 95% CI: 0.003 to 0.039; p < 0.05) significantly increased as pregnancy progressed. No significant effects were observed for cycle time, double support time, or gait speed. These trends are visually represented in Figure 2, where the regression lines indicate the relationship between gestational weeks and the effect sizes for each gait parameter.
[image: Figure 2]FIGURE 2 | Meta-regression analysis of gait parameters across gestational weeks.
4 DISCUSSION
This review identified a linear relationship between gestational age and specific spatiotemporal gait parameters. Notably, as pregnancy progresses, stride width increases and stride length decreases, suggesting these adjustments may help maintain balance and stability in response to physiological changes. By utilizing meta-regression to aggregate and analyze data across subgroups, this study addresses prior sample size limitations and provides a more comprehensive view of gait adaptations throughout pregnancy.
4.1 Cycle time
The meta-analysis demonstrated moderate heterogeneity (I2 = 53.73%), indicating variability in effect sizes across studies for gait cycle time. However, the meta-regression analysis revealed that gestational age accounted for only about 4.07% of this variability, suggesting that other factors, such as hormonal changes, balance adjustments, or biomechanical adaptations, might play a more significant role in influencing gait cycle time during pregnancy.
Five studies examined gait cycle time during pregnancy (Bertuit et al., 2015; Branco et al., 2013; Christensen et al., 2019; Gimunová et al., 2020; Branco et al., 2016), with two studies reporting a significant increase (Bertuit et al., 2015; Christensen et al., 2019). According to Christensen et al., pregnant women showed a 4% longer gait cycle time compared to non-pregnant women, with those experiencing pelvic girdle pain (PGP) displaying an even larger increase of 9% (Christensen et al., 2019). This suggests a potential association between PGP and increased gait cycle time, as pregnant women with PGP may adjust their gait to reduce discomfort or maintain stability. Similarly, Bertuit et al. reported a 10% increase in gait cycle time at a preferred walking speed during pregnancy (p = 0.003), attributing this change to an adaptive gait pattern aimed at enhancing safety and reducing the risk of falling (Bertuit et al., 2015). In contrast, the three other studies (Branco et al., 2013; Gimunová et al., 2020; Branco et al., 2016) did not report significant changes in gait cycle time during pregnancy. The lack of consistent findings across these studies indicates that the relationship between pregnancy, PGP, and gait cycle time may be more complex than initially thought, and warrants further investigation. These findings highlight that gait cycle time could be influenced by the presence of PGP, suggesting that pain management and stability considerations play a role in gait adaptations during pregnancy.
The discrepancies among these findings may be partly attributed to footwear. Sensitivity analysis indicated that being barefoot or wearing regular shoes did not significantly affect gait cycle time at different pregnancy stages, while specialized maternity footwear appeared to have a notable impact (Gimunová et al., 2020; Li et al., 2022). Gimunová et al. (2020) found that, although gait cycle time increased with pregnancy in a control group wearing ordinary shoes, this change was not significant. Conversely, women wearing specialized maternity shoes showed a significant increase at 28 and 37 weeks of pregnancy compared to 28 weeks after childbirth, suggesting that such footwear may help against the foot arches falling and influence gait patterns. This underscores the importance of considering footwear in gait analysis during pregnancy.
While gestational age alone cannot fully explain the changes in gait cycle time, the impact of PGP and specialized footwear indicates that pain management and external support play important roles in gait adaptations.
4.2 Double support time
The meta-analysis indicated substantial heterogeneity (I2 = 87.29%), suggesting considerable variability in effect sizes across studies examining double support time. However, the meta-regression analysis revealed that gestational weeks accounted for only a small fraction (7.98%) of this variability.
During pregnancy, women often adjust their gait to manage the forward shift in their center of gravity and increased body weight, enhancing gait stability (Carpes et al., 2008; Ramachandra, 2018; Błaszczyk et al., 2016; Maki, 1997; Cromwell and Newton, 2004). One common strategy is to extend the time their feet remain on the ground, which contributes to maintaining stability (Błaszczyk et al., 2016). Several studies have examined double support time during pregnancy (Foti et al., 2000; Carpes et al., 2008; Branco et al., 2013; Ramachandra, 2018; Krkeljas, 2018; Błaszczyk et al., 2016; Branco et al., 2016). Four studies identified a notable rise in double support time in pregnant women compared to their non-pregnant counterparts (Carpes et al., 2008; Branco et al., 2013; Ramachandra, 2018; Błaszczyk et al., 2016), whereas two studies observed no significant difference (Krkeljas, 2018; Branco et al., 2016). The meta-regression analysis revealed no significant linear association between double support time and the number of gestational weeks. This finding aligns with observations by Carpes et al., who reported that double support time is significantly shorter in both the second and third trimesters compared to pre-pregnancy. The most notable changes occurred between these trimesters, suggesting that these adjustments may happen more abruptly rather than gradually at specific stages of pregnancy (Carpes et al., 2008; Branco et al., 2013; Ramachandra, 2018). Such stage-specific changes may be influenced by rapid physiological and biomechanical adaptations, such as weight gain or shifts in the center of gravity, that occur as pregnancy progresses.
The walking protocols in these studies primarily involved short-distance indoor walking on firm surfaces, typically within 5–20 m, repeated in multiple trials. While these short-distance protocols are practical and feasible for laboratory settings, they may not fully reflect the natural walking patterns seen in longer, unbroken distances. This limitation is particularly relevant during pregnancy, as physiological changes, including reduced chest cavity space and potentially diminished cardiopulmonary capacity (LoMauro and Aliverti, 2015; Holmes et al., 2015; Sonaglioni et al., 2021), could alter gait characteristics over longer distances. Consequently, the findings from short-walk protocols may not capture gait adaptations that might occur in pregnant individuals during prolonged walking, where fatigue and cardiorespiratory demand might play a larger role. Further studies incorporating extended walking distances may provide a more comprehensive understanding of gait adaptations during pregnancy.
4.3 Gait velocity
The meta-analysis revealed a significant overall decrease in walking speed during pregnancy, but gestational weeks explained only a small portion (2.37%) of the variability, indicating that other factors might be more influential. While a general trend of decreasing walking speed was observed, this change did not follow a consistent linear pattern across pregnancy.
Twelve studies investigated walking speed during pregnancy (Zia et al., 2022; Foti et al., 2000; Bertuit et al., 2015; Forczek et al., 2020; Branco et al., 2013; Forczek and Staszkiewicz, 2012; Christensen et al., 2019; Krkeljas, 2018; Błaszczyk et al., 2016; Lymbery and Gilleard, 2005; Branco et al., 2016; Bagwell et al., 2020), with four reporting decreases, especially in the later stages (Zia et al., 2022; Bertuit et al., 2015; Forczek and Staszkiewicz, 2012; Błaszczyk et al., 2016). For instance, Christensen et al. (2019) found no significant change during mid-pregnancy, suggesting that gait alterations occur later. Bertuit et al. (2015) observed the lowest walking speed around the seventh month, followed by a slight increase toward term. These findings suggest that walking speed might change more at certain stages rather than gradually throughout pregnancy.
Differences in walking speed may be influenced by factors such as weight gain, psychological influences, or individual adaptations. While weight gain is often blamed for slower speeds, Blaszczyk’s study found that obese women walked faster than pregnant women, hinting at other factors like fear of movement or losing balance affecting gait (Bertuit et al., 2015; Błaszczyk et al., 2016; Gilleard, 2013). Gait velocity changes during pregnancy are complex, influenced by multiple factors beyond just gestational age. Future research should explore psychological, biomechanical, and individual factors to better understand and support gait adaptations in pregnant women.
4.4 Stride length
Research on stride length changes during pregnancy presents mixed findings. Some studies report no significant change (Foti et al., 2000; Forczek et al., 2020; Christensen et al., 2019; Krkeljas, 2018; Błaszczyk et al., 2016; Branco et al., 2016), while others indicate a decrease (Zia et al., 2022; Bertuit et al., 2015; Takeda et al., 2009; Branco et al., 2013). Our meta-analysis supports the latter, showing a statistically significant negative effect size of −0.29, with substantial heterogeneity (I2 = 80.80%), suggesting that stride length generally decreases during pregnancy, but with considerable variability across studies. To investigate this variability, we conducted a meta-regression analysis using gestational weeks as a moderator, which revealed gestational weeks as a significant predictor (p = 0.03), explaining approximately 24.2% of the variance in effect sizes. This analysis reduced overall heterogeneity from 80.80% to 61.24%, indicating that gestational weeks account for about 19.56% of the variability across studies, highlighting gestational age’s influence on stride length, which supports findings from earlier research (Zia et al., 2022; Bertuit et al., 2015; Takeda et al., 2009; Branco et al., 2013).
The observed reduction in stride length aligns with Jeanne et al., who reported a decrease ranging from 0.08 to 0.23 m during pregnancy (Bertuit et al., 2015). This change likely stems from mechanical factors such as increased pelvic width and anterior pelvic tilt (Foti et al., 2000), altering the body’s center of gravity as pregnancy progresses. Such adaptations aid in maintaining balance, as supported by Krkeljas, who found a significant correlation between shorter stride length and improved gait stability through reduced center of pressure and center of gravity tilt angles (Krkeljas, 2018). Our analysis suggests that as pregnancy progresses, a shorter stride length is adopted to enhance stability and reduce fall risk, particularly in the third trimester (Espy et al., 2010).
Despite gestational weeks being a significant factor explaining about 19.56% of the variability, a substantial portion of heterogeneity remains unexplained. The sensitivity analysis showed that when studies involving participants who wore shoes were excluded, the relationship between gestational weeks and stride length became weaker and was no longer statistically significant. This suggests that footwear plays a role in influencing stride length changes during pregnancy. Specifically, the presence of shoes may enhance or alter gait patterns, thereby affecting stride length measurements. Therefore, future research should carefully consider footwear conditions, and ideally, conduct separate analyses for barefoot and shoe-wearing participants. This approach would help to accurately assess the true impact of gestational weeks on stride length changes during pregnancy, accounting for the modifying effect of footwear.
4.5 Stride width
The meta-analysis showed a significant increase in stride width with low heterogeneity, indicating consistent findings across studies. The meta-regression analysis identified gestational weeks as a significant predictor of this effect, suggesting that stride width tends to increase as pregnancy progresses.
As pregnancy advances, a wider stride width aids in maintaining balance and minimizing the risk of falls. Krkeljas et al. found a significant correlation between changes in step width, stride length, and the COP/COG inclination angle, a key indicator of gait instability (Krkeljas, 2018). Moreover, this gait modification could serve as a strategy to alleviate pelvic pain by shifting the center of mass laterally, thereby lessening the strain on the hip abductors. This shift shortens the moment arm of the hip abductors, decreasing the force required to control pelvic lateral displacement, which can help alleviate pelvic pressure and pain (Neumann, 2010). Such adjustments enable pregnant women to maintain balance while minimizing discomfort in pelvic structures. However, Foti proposed that the increase in stride width might result from the natural widening of the pelvis during pregnancy, suggesting that this adjustment could be a mechanical consequence rather than purely a stability-driven adaptation (Foti et al., 2000). Therefore, whether the increase in stride width is primarily a response to stability needs or a result of pelvic changes remains unresolved. Nonetheless, the outcome is that each step involves more outward foot placement as pregnancy progresses.
Although we observed a linear relationship between stride width and gestational age, it remains unclear whether this increase is entirely due to stability needs or other physiological factors. Future research should explore the role of pelvic width changes and other factors in influencing gait patterns. Investigating additional contributors to stride width changes will help develop a more comprehensive model of gait adaptations during pregnancy.
5 CONCLUSION
This study provides a comprehensive analysis of gait adaptations during pregnancy by examining various spatiotemporal gait parameters. The meta-analysis and meta-regression revealed significant linear relationships between gestational age and certain gait adjustments, specifically an increase in stride width and a decrease in stride length as pregnancy progresses. These findings suggest that pregnant women adopt specific gait modifications to maintain balance and stability in response to physiological changes such as weight gain, shifts in the center of gravity, and pelvic adaptations.
The increase in stride width appears to be a consistent adjustment aimed at enhancing stability and reducing the risk of falls. However, this change may result not only from a need for increased stability but also from mechanical changes, such as pelvic widening, driven by hormonal adaptations. Future studies might explore whether stride width adjustments are primarily influenced by structural pelvic changes or balance requirements. The decrease in stride length is likely a compensatory mechanism to improve gait stability, particularly in the later stages of pregnancy. The influence of footwear was also identified as a significant factor affecting stride length, highlighting the importance of considering external support in gait analysis during pregnancy.
In addition, hormonal factors, such as relaxin and estrogen, which increase joint flexibility during pregnancy, may also play a role in gait changes. Psychological influences, like increased anxiety or fear of falling, may further modify gait parameters, contributing to adjustments like shorter stride length or slower gait speed. Other gait parameters, such as gait cycle time and gait velocity, showed variability across studies and did not exhibit a consistent linear relationship with gestational age. Factors like pelvic girdle pain (PGP), psychological influences, and individual adaptations may play more significant roles in these parameters than gestational progression alone. The presence of PGP was associated with increased gait cycle time, suggesting that pain management is crucial for understanding and supporting gait adaptations.
The substantial heterogeneity observed in some gait parameters indicates that multiple factors contribute to gait changes during pregnancy. To address this, future research should employ standardized methodologies, such as consistent footwear protocols and uniform gait measurement techniques, to reduce extraneous variability and improve comparability across studies. This approach would allow for a more precise understanding of gait adaptations during pregnancy and help in identifying specific variables, such as psychological influences and individual physical characteristics, that warrant further investigation.
In conclusion, this study underscores the complexity of gait adaptations during pregnancy, emphasizing that while gestational age influences certain gait parameters, a multitude of factors contribute to these changes. Practical applications of these findings could include incorporating routine gait assessments into prenatal care, helping healthcare providers monitor and address changes in gait that may affect maternal mobility and safety. Recognizing and addressing these factors is essential for supporting the health and wellbeing of pregnant women through evidence-based guidelines and interventions.
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Outcomes ‘ Spatiotemporal gait parameters
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