Response to reviewers
Reviewer 1
The paper entitled "Spatiotemporal Gait Changes in Healthy Pregnant Women and Women with Pelvic Girdle Pain: A Systematic Review", is very interesting topic for a very common changes that happen for almost every female. Regarding the study different sections were very clear and written is an interesting way and reflect the rigorous and the thorough analysis of the literature. My comment: I accept the study
Response: We thank the reviewer for the feedback and kind words.

Reviewer 2
This systematic review on the gait of the pregnant woman is interesting and well built. There is however an issue that authors should support.
In the introduction, the authors need to justify why they are interested in the spatio-temporal parameters. It is not clear what this will bring. The spatio-temporal parameters tell us about the overall quality of the gait but are irrelevant to highlight a problem.
Response: We thank the reviewer for the feedback. We have now clarified in the introduction the purpose of discussing spatio-temporal parameters and the implication it will have on future research. 

In the method, the authors should add their equation research so that other powerful teams replicate their work. 
Response: We thank the reviewer for the comment. Our search equation is provided in the supplementary material S1 (at the end of this document). 

I don't understand why the authors did not use a rating scale to rate studies?
Response: We thank the reviewer for the feedback. There is currently no appropriate rating scale for this type of review (where the studies we included constitute only cohort + cross-sectional studies), thus we adapted the NHLBI tool, which is closest to what was fitting for the studies we included. 
Other tools we considered which were used by authors who have written reviews on PGP were the Newcastle-Ottawa Scale (NOS) and ROBINS tool. However, the former was developed for cohort + case-control studies, and the latter was developed for RCTs and interventional studies; both of which are not fitting for our studies.

The point to be discussed is the problem of walking speed. I picked up the data in the tables and built this graph. Green is the pre and red color is post pregnancy. Light green is the 1 quarter of pregnancy and dark green the last quarter of pregnancy. Gray is the healthy subjects. I put the data on my laboratory norm (walk on treadmill). It is clear that spatio temporal parameters change because the gait speed changes without for as much be related to being pregnant. This is the big problem in gait Biomechanics. That is what is linked to a health problem, that is what is linked to the change of speed. I think the authors should discuss this point.
Response: We thank the reviewer for this very helpful point. We have addressed this problem regarding walking speed correlating with step length in the Discussion section. Broadly, what we have said is that it is unclear whether it is the biomechanics of the subject’s altered posture and function that leads to change in speed, or if it is the perceived fatigue associated with pregnancy that leads to change in speed. It is not possible to dissect this from the published literature. We also said that this is an important consideration in further research and provided suggestions, as reflected in the Future Research section. 
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[bookmark: _Toc504569039]ABSTRACT
INTRODUCTION: Gait is affected in women with pelvic girdle pain (PGP), a musculoskeletal condition affecting 20% of pregnant women. Whilst there is evidence of spatiotemporal changes in gait during healthy pregnancy, less is known in relation to women with PGP. Appreciating gait characteristics during healthy pregnancy could inform our understanding of the role of gait in PGP. 
PURPOSE: The purpose of this review was to systematically analyse differences in the spatiotemporal parameters of gait in healthy pregnant women and those with PGP, and to make recommendations to improve research methods in investigating gait in PGP women. 
METHODS: The review was undertaken following the PRISMA guidelines. Three databases and pre-existing literature were electronically and manually searched. Study selection and data extraction were conducted by two reviewers. Quality assessment was performed using the NHLBI tool for Observational Cohort and Cross-sectional Studies. 
RESULTS: The search returned 2925 results. Fourteen studies were selected for data extraction. Twelve studies investigated gait in healthy pregnant women and two in PGP women. Studies employed either a cohort or cross-sectional design and used various methods to assess gait. Three, nine and two studies were high, medium and low in quality, respectively. Direct comparisons between studies were impeded due to incomparable gestational time-points investigated, in addition to variations in gait parameters and definitions used. 
CONCLUSION: Evidence from studies on healthy pregnant women could inform future research on PGP women, for which current evidence is scarce. We recommend the standardisation of critical factors to allow inter-study comparisons for a meta-analysis.
Keywords: Pelvic girdle pain (PGP); Pregnant women; Gait; Spatiotemporal; Biomechanics
[bookmark: _Toc504569040]1. Introduction
Pregnancy is a period during which the female body transforms rapidly to make adjustments for the foetus, be it from a physiological, mental, or biomechanical perspective. One of the most major biomechanical changes that occur is the gait pattern of pregnant women. It is often said that pregnant women have a “waddling gait”, however what is actually meant by this term is unclear. Many groups have attempted to characterise this “waddling” gait using spatial, temporal, kinematic and kinetic gait parameters, which when put together, form a complete picture of the gait pattern in a pregnant woman. Appreciating the gait characteristics during healthy pregnancy is of importance since this knowledge has the potential to inform our understanding of gait in pregnancy-associated musculoskeletal pathologies, such as pelvic girdle pain (PGP). 
PGP is reported to be prevalent in 20% of pregnant women, yet the condition was only defined in 2008 by the Working Group 4 within the framework of the European COST ACTION B13[1]. It is defined, simply, as “pain between the posterior iliac crest and gluteal fold, particularly in the vicinity of the sacroiliac joint, which may radiate in the posterior thigh and can occur in conjunction with/or separately in the symphysis”[1]. PGP causes reduced endurance ability for activities of daily living such as standing, walking, and sitting. However, due to the recent recommendation of the definition of PGP, there is a lack of consistency in PGP terminology, diagnosis criteria and methods in studies prior to 2008, and hence a deficiency in reliable data to drive effective treatment in the clinic. As such, there is a need to standardise research methods for studies investigating gait in PGP.
Whilst there exists systematic and literature reviews on the biomechanics of gait in pregnant women[2, 3], PGP characteristics[4], and pelvic kinematics and kinetics in PGP[5], there is a gap in the literature with regards to a systematic analysis of spatiotemporal changes in gait of healthy pregnant women and women with PGP (PGP women). In addition, there also exists a lack of general consensus on the gait changes that occur throughout the time course of pregnancy and even up to postpartum periods between studies. By understanding the changes in spatiotemporal parameters of gait during healthy pregnancy and in PGP women, the functional significances of the associated changes in posture during pregnancy can be better understood. This information can subsequently lead to the management of back or pelvic pain, and the development of preventative strategies. This knowledge will also guide the direction of future biomechanical studies of PGP women.
To that end, the purpose of this review is to systematically analyse the available evidence on spatiotemporal parameters of gait in healthy pregnant women and PGP women, using robust search strategies accounting for the variability in terminology to define PGP prior to 2008. We also aim to make recommendations based on the results to improve research methods in investigating gait in PGP women in the future.     

[bookmark: _Toc504569041]2. Methods
This systematic review was conducted following the PRISMA Statement guidelines and checklist.
[bookmark: _Toc504569042]2.1. Information Sources
An electronic search was conducted on the following databases: Medline (1966 to August 2016), EMBASE (1988 to August 2016), and Maternity and Infant Care (1971 to August 2016). The language and year of publication of records were not limited, but non-English records were subsequently removed according to the inclusion criteria (Table 1). Manual searching of records was performed on pre-existing literature and systematic reviews.
[bookmark: _Toc504569043]2.2. Search Strategy 
A robust search strategy was developed to identify all possible literature regarding gait changes in healthy pregnant women and PGP women. The list of terms used for the search was developed with the medical sciences librarian from the Charing Cross Library at Imperial College London after a preliminary research. The search terms were extracted from keywords of previous related publications. MeSH, SH terms and subject terms were used for specific databases. Boolean expressions “OR” and “AND” were used to increase specificity of the search whilst taking into account inter-study variability in terminology. All keywords and search terms used can be found in S1.
[bookmark: _Toc504569044]2.3. Study Selection and Eligibility Criteria 
Records identified through the electronic search were exported to Microsoft Excel 2016. Duplicates were electronically removed using the “Duplicate Values” function on Microsoft Excel, and through manual searching for electronically undetectable duplicates. Two reviewers (JKLW and AHM) independently performed two levels of screening (Level 1, title and abstract; Level 2, full text) to determine the inclusion and exclusion of studies. Screening was performed using a “2-point system” (Table 1). Totalled points were fed into the algorithm in Figure 1.
[bookmark: _Toc504569045]2.4. Data Collection Process and Items
The data collection form was developed according to guidelines recommended by the Cochrane Collaboration[6]. Data collection was performed by JKLW and AHM. Data items collected include study characteristics (title, author, journal, year, city and country, start and end date, aim of study, study design, group of interest, age, gestational period, inclusion and exclusion criteria, eligibility assessment method, comparator group, method of recruitment and follow-up, task, anthropometric data, statistical methods), spatiotemporal gait parameters (velocity, cadence, stride time, step time, stance phase, swing phase, double-support phase, single-support phase, stride length, step length, stride width, step width, width of base of support (BOS)), conclusions, and statement of conflict of interest.
[bookmark: _Toc504569046]2.5. Quality Assessment
Quality assessment was performed and adapted from the NHLBI Quality Assessment Tool for Observational Cohort and Cross-sectional Studies[7]. Quality assessment was performed for 10 domains for cohort studies and 9 domains for cross-sectional studies (S2), with a maximum of 2 points for each domain. If studies scored 75% of the total score, it was graded as a “High Quality” study. If studies scored 50% of the total score, it was graded as a “Moderate Quality” study. If studies scored below 50% of the total score, it was graded as a “Low Quality” study.


[bookmark: _Toc504569047]3. Results
[bookmark: _Toc504569048]3.1 Search Results
2921 records were obtained from the search on databases. 4 records were found through manual searching of existing literature and systematic reviews. After duplicates were removed, 2245 records remained for Level 1 screening. After removal of studies which did not meet the inclusion criteria, 55 records remained for Level 2 screening. After removal of studies which did not meet the inclusion criteria, 14 records were finally included for data extraction and the final analysis. (Figure 2) 
[bookmark: _Toc504569049]3.2 Study Characteristics
The study characteristics are summarised in Table 2. Out of the fourteen studies, twelve investigated gait in pregnant women, while the remaining two investigated gait in PGP women. Broadly, the aims of the studies were to characterise gait changes throughout pregnancy, or uncover gait differences between pregnant women in different trimesters. This was achieved through two study designs respectively: longitudinal or cohort, and cross-sectional. Additional independent variables such as weight[8], walking speed[9, 10], or type of pain[11] were assessed in some studies. Ten studies adopted a cohort study design, whereby participants were followed-up over more than two time points throughout pregnancy, and in some instances, two time points (during pregnancy and after pregnancy; 2nd and 3rd trimester)[11-15]. The choice of gestational period tested varied widely from study to study, ranging from inter-trimester comparisons, monthly comparisons, and even pre-, intra- and post-pregnancy comparisons. Some cohort studies used a control group of non-pregnant women for studies investigating gait in pregnant women[14-16], and healthy pregnant women for a cohort study investigating gait in PGP women[11]. The remaining four cross-sectional studies used non-pregnant women or pregnant women as the control group to investigate gait in pregnant women[8, 10] and PGP women[9] respectively, whilst one cross-sectional study did not have a control group[17]. Most of the studies had similar exclusion criteria for participation in the study, including history of musculoskeletal, rheumatologic, neurological, cardiac, visual, and cognitive disorders or abnormalities. Lymbery et al excluded participants who were overweight, and who had multiple foetuses[13]. Most studies investigated kinematic parameters of gait such as range of motion (ROM) of segments and joint angles, in combination with spatiotemporal parameters which form the focus of this review. Typically, participants were instructed to walk at a “self-selected/ self-determined/ comfortable/ natural/ preferred” velocity. The exceptions to this were two studies who tested the effect of velocity on gait, in which participants walked at different velocities[9, 10]. 3D motion-analysis systems with optical cameras were the most widely-used gait assessment tool. Four studies used pressure sensors to analyse gait[10, 15, 18, 19]. Anthropometric data were collected by all groups included height and mass, while data less frequently collected included waist and hip circumferences[8, 19], leg length[10], and foot length[18]. 
[bookmark: _Toc504569050]3.3 Quality of Studies
Three studies were rated as high quality, nine as medium quality, whilst the remaining two as low quality (S3). Generally, all studies clearly stated their research objectives and aims. The majority of  studies  did not specify the time period of participant recruitment, and no study disclosed the proportion of eligible participants, with  the exception of one study[11]. The recruitment process in terms of the application of inclusion and exclusion criteria to all participants was uniform in all studies. However, there was a global lack of discussion regarding sample size justification and power descriptions amongst all studies, with the exception of two studies[11, 12]. While most studies tested sufficient time points (cohort) and comparator groups (cross-sectional), often there was no discussion in relation to the choice of gestational periods tested. While studies which explicitly stated the involvement of healthcare settings and professionals such as antenatal clinics[11], medical centres[9], pre- and post-natal gym classes[10, 14], gynaecologists and physiotherapists[20] make it obvious that there was formal assessment of gestational period, studies which scored poorly on this domain did not describe participant recruitment methods, which makes it difficult to know how gestational periods were assessed. Gait parameters chosen to be investigated were well-discussed in all studies, with only a handful of studies defining each parameter. Loss to follow-up was not often explicitly discussed in the cohort studies. However, it was taken that if the author numerically described sample sizes from the study eligibility assessment stage all the way to the follow-up sessions, there was zero loss to follow-up. Studies which merely stated the final sample size who participated in the study scored poorly as they were deemed not to have discussed loss to follow-up. Finally, only a handful of studies performed regression analysis on confounding variables, whilst some made efforts to present normalised values as opposed to absolute values of some parameters, thereby taking into account confounders. 
[bookmark: _Toc504569051]3.4 Gait in Healthy Pregnant Women
Twelve studies investigated gait in healthy pregnant women. In this section, we will discuss the results of these studies focusing on spatial parameters, temporal parameters, and the phases of gait as an aspect of temporal parameters.
[bookmark: _Toc504569052]3.4.1. Spatial parameters of gait
The results of the spatial parameters of gait in healthy pregnant women are summarised in Table 3. Out of the twelve studies on healthy pregnant women, only one did not report any spatial parameters[15]. The spatial parameters commonly reported by studies are: (1) step width or stride width, (2) stride length, (3) step length, and not so commonly (4) toe in/out. Step width, a commonly ill-defined parameter was similarly defined by Lymbery et al as “distance between the left and right ankle joint centres at left and right heel strike, respectively”[13], and Bertuit et al as the “perpendicular distance between the heel centre of one footprint to the line of progression (line through two consecutive heel centres) of the opposite foot[10]”. Upon exploration of the definitions of width of base of support (BOS) and base of gait (BOG) by some studies[18, 20], it was found that the definitions used were similar to that of step width. In addition, the study by Bird et al in 1999 noted in their discussion that BOG, the investigated parameter in the study, has been referred to in previous literature as stride width, base of step and BOS. For these reasons, we categorised width of BOS and BOG with step width, if they had the same definition. From here on, the term “step width” will be used in place of the other synonymous terms.  Units used for the spatial parameters were not consistent between and within studies, making analysis challenging. We presented data using the original unit to avoid reducing the number of significant figures. Absolute values of step width varied widely between studies. However, similar conclusions were broadly drawn from all studies. As trimester of pregnancy progressed, step width increased[10, 16, 18, 20]. However, the postpartum period saw a decrease in step width from as early as 8 weeks[13, 16] to as late as 6 months[20]. Conflicting with these findings were the lack of difference in step width throughout the trimesters in some studies[8, 14, 19], and between pregnancy and the postpartum period in one study[10]. Stride length and step length hugely correlated in all studies, hence we will describe findings from the two variables together. Generally, stride and step length decreased throughout the progression of pregnancy. The effect of pregnancy on stride and step length was mostly seen in the 3rd trimester[10, 14, 16, 20, 21]. Some studies however suggested that trimester did not have an effect on stride and step length[8, 17]. Stride and step length increased during postpartum periods, although the postpartum period in which changes were seen varied between studies, ranging from 4 months to 6 months[19, 21]. However, changes in stride and step length were not seen 8 weeks postpartum[13], and conflicting with other studies, 1 year postpartum[12]. These findings may indicate that some gait characteristics remained postpartum. Interestingly, Carpes et al was the only group to have normalised stride and step length to body height. Toe in/out was only investigated in three studies[10, 13, 18], with one study using the terminology “angle of gait” instead[18]. However, none of them found any significant differences in the parameter throughout the pregnancy periods. Taken together, the spatial parameters which may change during pregnancy are step width, stride length and step length. The parameter that might not change with pregnancy is toe in/out. The quality of studies ranged from low to high, with a majority being medium quality. No correlations between the quality of studies and the results obtained from the studies were observed.
[bookmark: _Toc504569053]3.4.2. Temporal parameters of gait
The temporal parameters of gait are summarised in Table 4. The parameters assessed include step time, stride time, velocity, cadence, and the different phases (discussed in further detail in following sub-section). Two out of the twelve studies on healthy pregnant women did not measure step time, stride time, velocity and cadence and were hence not listed in Table 4[18, 21]. The ten remaining studies all measured gait velocity, while only four measured cadence[10, 12, 15, 20] and three measured stride and step time[10, 14, 17]. While the stride and step time did not change throughout gestation and there was no difference between pregnant and non-pregnant women, other temporal parameters exhibited some differences. Four out of ten of the studies found that gait velocity decreased as pregnancy progressed[15] and that velocity was indeed lower in pregnant women than non-pregnant women[10, 15, 20]. Gait velocity returned to normal after 6 months postpartum, as shown by two studies[19, 20]. However, results of the other studies showed that there was no change in gait velocity throughout pregnancy[14, 16, 17], between pregnant and non-pregnant women[8, 14, 16], and between post-partum and pregnancy periods[12, 13]. Cadence was shown to decrease from 2nd to 3rd trimester[15], and increase again 6 months postpartum[20]. However, contrasting to these results are the lack of difference in cadence throughout pregnancy and the postpartum period, and between pregnant and non-pregnant women[10, 12]. This was a notable finding as Bertuit et al showed that velocity significant decreased in pregnant women as opposed to non-pregnant women, but cadence which is closely correlated with velocity, did not show a similar result. Altogether, the temporal parameters which may change during pregnancy are gait velocity and cadence. Less likely to change are the step time and stride time. The quality of studies were mostly medium quality with the exception of two (one high[10], one low[16]). No correlations were seen between quality of studies and the results obtained from studies.
[bookmark: _Toc504569054]3.4.3. Phases of gait 
Phases of gait which are stance phase, double-support phase, swing phase and single-support phase are summarised in Table 5. Four out of the twelve studies on healthy pregnant women did not investigate the phases of gait[15-18]. Out of the eight studies that did, only four normalised the phase durations to the stride time[10, 12, 19, 21], and one normalised the values for only the stance phase and not the double-support phase[13]. The studies that did not normalise the phases to stride time also did not report any stride time measurements, which would explain the lack of normalisation. Interestingly, however, one study reported stride time measurements but did not use them for normalisation[14]. A study that investigated stance phase duration found that stance phase in the 3rd trimester all the way to 4 months postpartum was significantly longer than that in the 2nd trimester[21]. Supporting this finding was another study which not only found that stance phase is longer in pregnant women compared to non-pregnant women, but also that stance phase during the 4-month to 8-month postpartum period was longer than that of non-pregnant women[10]. This means that the changes in stance phase duration that developed during pregnancy remain present even after 8-months postpartum. In disagreement with these significant findings are four other studies[13, 19], which include two that studied limb-effect[8, 14]. Changes in double-support phase found more corroboration between studies; studies agreed that double-support phase is longer in pregnant than non-pregnant women[14], and that 6- to 12-months postpartum is an adequate amount of time for double-support phase to roughly return to normal[12, 19]. Carpes et al however provides some depth into the timing of returning to baseline, showing that the double-support phase 4-months postpartum was no different from the third trimester, but was different from the second trimester. Swing phase and single-support phase were not as commonly reported in studies compared to stance phase and double-support phase. Only one study reported difference in swing phase duration, whereby swing phase decreased in pregnant women compared to non-pregnant women[10], although this was not the case in the other two studies which investigated swing phase[14, 19] and limb-effect[14]. More convincing is the single-support phase data, which showed broad agreement on the fact that there is firstly a decrease in single-support phase in pregnant women compared to non-pregnant women[14], and that there is secondly an increase in single-support phase in postpartum women relative to that during pregnancy, although the exact trimesters during which change occurs cannot be ascertained[12, 21]. Conclusively, double-support and stance phases may increase during pregnancy, whilst single-support and swing phases may decrease. The majority of studies were medium quality, whilst only one was high quality[10] and one was low quality[21]. There were no correlations found between the results from the studies and the quality of studies.  
[bookmark: _Toc504569055]3.5. Gait in Pregnant Women with PGP
Two studies investigated gait in pregnant women with PGP (Table 6). The studies had different aims as Wu et al aimed to analyse gait in PGP women, focusing on trunk kinematics in a cross-sectional study design[9], whilst Gutke et al performed a cohort study in attempt to associate muscle function and LBP during pregnancy[11]. Hence, spatiotemporal parameters were not their main focus. The studies were still included in analysis since they reported gait velocity. In order to assess eligibility of participants, both groups carried out physical examinations by either orthopaedics or physiotherapists. Common between the two studies was the use of the pelvic pain provocation test. Wu et al required 1 positive result of the test, as opposed to Gutke et al who required 2 positive results and a few additional criteria to classify as PGP (Table 6). The gait assessment method was not clearly described in the study by Gutke et al participants were simply asked to walk at a comfortable speed along a 20m walkway. Gait assessment by Wu et al on the other hand was performed on a treadmill, on which participants walked at different treadmill speeds. While absolute values of comfortable gait velocity between both studies were notably different, both studies noted that comfortable gait velocity in PGP women was lower than that in healthy pregnant women. Gutke et al found this difference not only during the pregnancy period, but also during the 3-months postpartum period. Maximum gait velocity in PGP women was also lower than that in healthy pregnant women[9].  In summary, there is a marked decrease in gait velocity, in both comfortable and maximal conditions, in PGP women.
[bookmark: _Toc504569056]4. Discussion
The purpose of this review was to systematically analyse all available evidence on spatiotemporal parameters of gait in healthy pregnant women and PGP women. We also aim to make recommendations based on the results to improve research methods in investigating gait in PGP women in the future. 
From analysis of the included studies, twelve studies investigated gait in healthy pregnant women, while two studies investigated gait in PGP women. Broadly, step width increased and stride and step lengths decreased throughout pregnancy in healthy pregnant women. Velocity, cadence, single-support phase and swing phase decreased while double-support and stance phases increased during pregnancy. However, not all studies produced similar gait trends as they found no differences in gait between gestational periods and even postpartum periods. These different findings between studies could be accounted for by a few factors which will now be discussed.
The chosen gestational and postpartum time points investigated varied widely between studies. The rationale behind the choice of gestational and postpartum periods investigated was not clear, with only two studies offering a justification. One considered the secretion of relaxin which has been reported to relax pelvic ligaments[21] in their choice of time points, while another justified their choice by making the assumption that gait changes during pregnancy would disappear 1-year postpartum[12]. Moreover, although significant results were found in most studies, caution must be taken with these significant results as the different time points chosen prevent direct comparison between studies. 
Another factor which could account for the different findings between studies is the definitions of gait parameters used. For instance, the variability of definitions of “step width” between studies could have potentially caused the inconsistent results. Moreover, groups even used different terms to describe the same parameter. Stride width, width of BOS and width of BOG were all terms which had the same definition as defined by the studies. Only a handful of studies provided definitions for the gait parameters assessed, which implicates uncertainty for studies which did not provide definitions if they had indeed assessed gait parameters correctly. 
Furthermore, the lack of normalisation of values could account for the inconsistent results across studies. Whilst measured by some studies, some confounders of spatial parameters including foot length[18], shoe size[10], limb length[10], inter-ASIS distance[20] and hip circumference[19] were not taken into account in the data and statistical analyses. Exceptionally, Aguiar et al isolated the effect of anterior weight by comparing gait parameters in pregnant women, non-pregnant women, and load-carrying non-pregnant women[8]. By contrast the majority of studies presented absolute values of spatiotemporal parameters. It is questionable if using absolute spatial values such as step and stride lengths, as opposed to that normalised to an individual’s anthropometric data, is useful in representing the true step and stride length of the participant. The same can be said for the different phases of the gait cycle. It will be more helpful to understand phase duration as a proportion of the gait cycle, as opposed to its absolute value, to truly appreciate the functional value of gait phases. Normalisation to the stride time is common practice, and must therefore be measured in every study. 
Another point to consider is the fact that step length correlates to gait velocity. Therein lies a problematic question; do spatial parameters change because of pregnancy, or are the changes observed in step length simply a function of gait velocity? It could also be argued that pregnancy leads to an altered posture and function, leading to change in gait velocity and hence step length. However, it is also arguable that it is the perceived fatigue and mental caution associated with pregnancy may change gait velocity. The delineation of the underlying cause of change in spatiotemporal parameters is something that needs to be taken into account for future research. 
Further limiting the possibility to compare between studies were the different methods employed to assess gait and the varying test instructions and conditions given to the participant. For instance, the walkway used in the study by Bird et al was only 1m-wide, and footprints were imprinted on the cardboard walkway for only 5 steps. The extra emphasis on footprints could have influenced the patient to be increasingly aware of her steps, hence causing the decreased width of BOG in that study[18]. In addition, the apparatus used to assess gait varied widely between studies. The majority of studies published after 2000 used 3D motion-analyses with video cameras, whilst only two studies used pressure-sensing platforms. The study before year 2000 used footprints on a cardboard to assess spatiotemporal measures of gait. The different techniques used could potentially account for the different results found by studies. 
In addition, the widely varying sample sizes used by studies could potentially explain the inconsistent overall results found. Sample sizes varied from as little as 7 participants to 99 participants, further making direct comparisons between studies impossible. Frequently there were no power calculations to justify sample size. 
Furthermore, the variability in study quality, with most of the studies being medium in quality due to failure in power calculations, and discussion of population eligibility and follow-up may cause the inconsistency in results across studies. Overall, these factors limit the possibility of performing a meta-analysis due to the lack of comparability between studies. However, the data retrieved from studies investigating healthy pregnant women are still helpful and can inform future research in women with PGP.
Currently, only two studies have investigated spatiotemporal measures of gait in PGP women[9, 11], but focused only on comfortable walking velocity since the focus of the work was on pain characterisation. Despite the paucity of spatiotemporal parameters measured; it would appear that comfortable walking velocity is lower in PGP women than normal women. This could be due to adaptation due to pain, or manifestations from biomechanical changes due to the dysfunctional anatomy of the pelvic joints; more detailed biomechanical studies would be required to evaluate this. Whilst the strengths of this systematic review include the rigour of identifying all possible relevant studies and the quality analysis of studies, caution must be taken when drawing conclusions from the studies. It was not possible to include studies in languages apart from English due to a limitation of resources. Furthermore, studies with small sample sizes were included in analysis. We also included all studies relevant to our research question regardless of quality. Moreover, there were inadequate studies included to be able to perform a meta-analysis, which would provide more robust conclusions. 
Despite the limitations, the results drawn from the individual studies are consistent with what has been known about specific adaptation mechanisms in pregnant women to increase the base of support in response to the increased anterior trunk mass[8], perceived and actual degradation in balance during pregnancy[22], desire to increase time on both feet[ref], increased fear and caution during walking to minimise the risk of falls[23], ligament laxity in the pelvic joints[24], and weight gain to the thigh which increases abduction of hips enabling free passage of the swing limb[25]. Results from postpartum data were also consistent with what has been known about the return of body dimensions and activity levels after pregnancy. This review can add value to the current body of research as it collates systematically all the key study characteristics of the current evidence for groups wishing to investigate gait in both healthy pregnant and PGP women. It also describes the trends of spatiotemporal gait characteristics throughout pregnancy and postpartum found by studies, against which future groups can compare their results.
[bookmark: _Toc504569057]4.1. Recommendations for future research
Future studies should focus on the spatiotemporal parameters of gait in PGP women due to the scarcity of evidence on the population compared to healthy pregnant women. This can be aided and driven by data already available from studies on healthy pregnant women, as this data will be the foundation upon which data from future PGP studies should be understood. 
Improvements in study design should be made, including the 1) standardisation of gestational and postpartum time points investigated, 2) standardisation of the definition of spatiotemporal parameters used, 3) the explicit description of definitions applied to the parameters studied, 4) standardised instructions to participants when walking, 5) normalisation of spatial and temporal measures to anthropometric and gait cycle data respectively. 
[bookmark: _GoBack]Groups should also consider investigating the true cause of the change in spatial parameters in gait (i.e. step length); whether it is due to pregnancy in itself, or due to the gait velocity. Whilst controlling gait velocity seems like the next most sensible thing to do, it may affect the “normal gait” of subjects. This is the reason why most studies instruct subjects to walk at their preferred speed. Therefore, the solution to this is not so much to control gait velocity, but to perform normalisation of data against walking speed so that data at different walking speeds can be compared.  

[bookmark: _Toc504569058]5. Conclusion
This review systematically analysed the available evidence on spatiotemporal parameters of gait in both healthy pregnant women and PGP women, found in twelve and two studies respectively. Cohort and cross-sectional study designs were employed to investigate the spatiotemporal parameters of gait, with most studies using 3D motion analysis and pressure-sensing platforms as assessment instruments. The level of quality of evidence ranged from low to high across studies. Broadly, if significant results were found in the studies, they followed a similar trend throughout pregnancy: increased step width, decreased stride and step lengths, decreased velocity, cadence, single-support and swing phases, and increase double-support and stance phases. Postpartum spatiotemporal measures, if significance was found, displayed a return to baseline. However, caution must be taken when drawing conclusions from the studies due to limitations in study design. We recommend that more research, driven by data from studies on healthy pregnant women, be performed on PGP women using improved study designs which include standardisation of time points investigated, definitions and gait terminologies used, instructions given to participants, and normalisation of anthropometry-dependent and gait cycle-dependent parameters to allow inter-study comparisons for a meta-analysis. Data on gait in PGP women will improve clinical practice and the management of PGP in the clinic.  
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[bookmark: _Toc504569065]Table 1. Inclusion and exclusion criteria for study selection. 
The selection of studies for final analysis was performed based on the predetermined criteria. 2 points were given by each reviewer if the study met the inclusion criteria, 0 points if it met the exclusion criteria, and 1 point the reviewer was uncertain.
	Inclusion Criteria (2 points)
	Exclusion Criteria (0 points)

	· Pregnant women at the time of study
· Pregnant women with PGP at the time of study
· Gait is the outcome measure
· Spatial and temporal parameters of gaita 
· Gait assessment involves walking on level ground
· Primary studies
· Cohort and cross-sectional study designs
· Published in English
	· Non-pregnant women at the time of study
· Women with conditions that could affect gait (except PGP) at the time of study
· The presence of interventions before gait assessmentb
· Gait is not the outcome measure
· No spatial or temporal parameters of gait 
· Gait assessments apart from walking on level groundc
· Non-primary studies
· Retrospective study designs


avelocity, cadence, stride time, step time, stance phase, swing phase, double-support phase, single-support phase, stride length, step length, stride width, step width, width of base of support (BOS)
bphysiotherapy, drugs, exercise
cwalking on slope, standing and walking from sitting position

[bookmark: _Toc504569066]Table 2. Study characteristics
	[bookmark: OLE_LINK1]Author, Year
	Study design
	Population (n)
	Time points of gestation tested
	Comparator group (n)
	Gait parameters
	Gait assessment
	Gait measurement instruments
	Quality assessment score (grade)†

	Bird et al, 1999[18]
	Cohort
	Pregnant women (25)
	T1 12 weeks gestation
T2 16 weeks gestation
T3 20 weeks gestation
T4 24 weeks gestation
T5 28 weeks gestation
T6 32 weeks gestation
	NA
	Spatiotemporal
Stride length
Step length
Foot length (spatial parameters normalised to this)
Angle of gait
Base of gait
	Walk along a 5m-long, 1m-wide walkway 
	Footprint measurement on cardboard walkway
	15 / 20
(High)

	Foti et al, 2000[12]
	Cohort
	Pregnant women (15)
	T1 35-40 weeks gestation
T2 1 year postpartum
	NA
	Spatiotemporal
Velocity
Cadence
Stride length
Base of support
Single-support time
Double-support time

Kinematic
ROM in the sagittal, coronal and transverse planes of the pelvic, hip, knee and ankle
	Walk repeatedly at a self-selected pace across the room (approximately
12m)
	3D motion-analysis system (Vicon)

Six 60Hz video cameras

One force platform
	14 / 20
(Medium)

	Lymbery and Gilleard, 2005[13]
	Cohort
	Pregnant women (13)
	T1 38 weeks gestation
T2 8 weeks postpartum
	NA
	Spatiotemporal
Velocity
Step length
Step width 
Step time
Stance time
	Walk at a self-determined speed while looking at an eye-level fixed point for 4 trials
	Expert Vision System motion-analysis system (EVa HiRes 4.0)

Eight 60Hz cameras 

One force plate (Kistler 9281)
	11 / 20
(Medium)

	Wu et al, 2008[9]
	Cross-sectional
	PGP women (12)
	T1 20-34 weeks gestation
	Healthy pregnant women (12)
	Spatiotemporal
Maximum walking velocity

Kinematic
Rotational amplitudes, timing of rotations and Relative Fourier phase of the trunk, lumbar and pelvic segments
	Walk on a treadmill at different velocities
	2 x 3-camera optoelectronic system (OptoTrak)

Three light metal frames with infrared-emitting diodes
	12 / 18
(Medium)

	Carpes et al, 2008[21]
	Cohort
	Pregnant women (7)
	T1 22-28 weeks gestation
T2 34-40 weeks gestation
T3 4 months postpartum
	NA
	Spatiotemporal
Stride length
Stride time
Single-support time
Double-support time
Stance time
	Walk at a self-selected velocity with two complete unshod gait cycles for 3 trials
	3D video analysis system (Peak Motus) 

Two high-speed 60Hz synchronised cameras
	9 / 20
(Low)

	Gutke et al, 2008[11]
	Cohort
	Pregnant women with LBP (301)

Subgroups: 
PGP (99)
Lumbar pain (32)
Combined PGP and lumbar pain (54)
	T1 12-18 weeks gestation
T2 3 months postpartum
	Pregnant women without LBP (116)
	Spatiotemporal
Speed
	Walk barefoot "at a comfortable speed" for a distance of 20m" on a horizontal indoor floor 20m in length
	Stopwatch
	20 / 20
(High)

	Forczek and Staszkiewicz, 2012[20]
	Cohort
	Pregnant women (13)
	T1 Pre-pregnancy
T2 28-40 weeks gestation
T3 6 months postpartum
	NA
	Spatiotemporal
Velocity
Cadence 
Step length
Single-support time
Double-support time
BOS width

Kinematic
ROM in the sagittal plane of the hip, knee and ankle
	Walk barefoot at a self-selected speed across the room floor covered with non-slip and antistatic surface with a distance of about 50m for 15 gait cycles (with short intervals of approximately 1 minute between each section of the way)
	3D motion-analysis system (Vicon 250)

Five video cameras emitting infrared light
	14 / 20
(Medium)

	Gilleard, 2013[16]
	Cohort
	Pregnant women (9)
	T1 <18 weeks gestation
T2 24 weeks gestation
T3 32 weeks gestation 
T4 38 weeks gestation
T5 8 weeks postpartum
	Non-pregnant women (12)
	Spatiotemporal
Gait velocity
Stride length
Step width

Kinematic
ROM in coronal, sagittal, and transverse planes of the thoracic and pelvic segments and thoracolumbar spine
	Walk at a self-determined natural speed across a laboratory approximately 20m-long for 3 trials while looking at an eye-level fixed point
	Expert Vision System motion-analysis system (EVa HiRes™ version 4.0) 

Eight synchronised cameras (NEC T1-23A)

Force platform (Kistler™ 9281)
	9 / 20
(Low)

	Branco et al, 2013[14]
	Cohort
	Pregnant women (22)
	T1 13-27 weeks gestation
T2 28-40 weeks gestation
	Non-pregnant women (12)
	Spatiotemporal
Walking speed
Stride length
Stride width
Step length
Stride time
Step time
Double-support time
Time of support
Flight time

Kinematic
ROM in the sagittal, coronal, and transverse planes of the hip, knee, and
ankle

Kinetic
Ground reaction forces
	Walk barefoot at a natural and comfortable speed across a distance of 10 meters between two points in a straight line
	Ten infrared 200Hz high-speed cameras (Oqus-300) 

Two force platforms (Kistler AG)
	12 / 20
(Medium)

	Aguiar et al, 2015[8]
	Cross-sectional
	Pregnant women (18)
	T1 24-30 weeks gestation (18)
	Non-pregnant women (18)
	Spatiotemporal
Velocity
Stride width
Step length
Stance time
Double-support time

Kinematic
ROM in the sagittal, coronal, and transverse planes of the pelvic, hip, knee and ankle
	Walk barefoot at a self-selected velocity with a break of 30s between each trial of 1 min
	Optoelectronic system with twelve cameras Qualisys (Oqus-300) 

Three force platforms (2 Kistler AG, 1 AMTI)
	10 / 18
(Medium)

	Bertuit et al, 2015[10]
	Cross-sectional
	Pregnant women (58)
	T1 24 weeks gestation (n=8)
T2 28 weeks (n=17)
T3 32 weeks (n=23)
T4 36 weeks (n=10)
T5 16 weeks to 8 months postpartum (n=9)
	Non-pregnant women (23)
	Spatiotemporal
Velocity
Stride velocity
Stride length
Step length
Step width
Toe in/out
Stride time
Step time
Swing time
Stance time
Single-support time
Double-support time
	Walk barefoot at three speed levels (preferred, fast, slow) for three trials each
	GAITRite electronic walkway with embedded pressure sensors (GAITRite Gold)
	13 / 20
(High)

	Sawa et al, 2015[17]
	Cross-sectional
	Pregnant women (27)
	T1 1-28 weeks gestation (n=16) 
T2 28-40 weeks gestation (n=11) 
	Women in T2 gestational period
	Spatiotemporal
Velocity
Stride length
Stride time

Kinematic
ROM in the sagittal, coronal, and transverse planes of the trunk and lower limb
	Walk at a preferred speed along a 15m smooth horizontal corridor in the clinic
	Two wireless motion-recording-sensor units (MVP-RF-8)

One piezo-resistive triaxial accelerometer (MA3-10AC)
	12 / 20
(Medium)

	Yoo et al, 2015[15]
	Cohort
	Pregnant women (19)
	T1 2nd trimester (n=19)
T2 3rd trimester (n=16; loss-to-follow-up)
	Non-pregnant women (15)
	Spatiotemporal
Velocity
Cadence
	Walk at a self-selected comfortable speed for 2m before reaching and after leaving the 61cm-long GAITRite mat
	GAITRite electronic walkway with embedded pressure sensors (GAITRite Gold)
	11 / 20
(Medium)

	Blaszczyk et al, 2016[19]
	Cohort
	Pregnant women (28)
	T1 end of first trimester
T2 29-40 weeks gestation
T3 2 months postpartum
T4 6 months postpartum
	Values in T4 gestational period (used as reference time point)
	Spatiotemporal
Velocity 
Cadence
Stride length
Step length
Width of BOS
Stride time
Swing time
Stance time
Double-support time
Limb swing velocity
	Walk at a preferred velocity on a 10m-long walkway (back and forth 10 times) 
	Custom-made self-adhesive copper foil electrodes attached to the soles of shoes to produce limb-contact signals
	13 / 20
(Medium)


†Cohort studies are scored out of 20, 75% of which (15 points) is considered as “High quality”, 50% (10 points) as “Medium quality” and <50% (<10 points) as “Low quality”. Cross-sectional studies are scored out of 18. Following the same percentages, 13 points is considered as “High quality”, 9 points as “Medium quality” and <9 points as “Low quality”


[bookmark: _Toc504569067]Table 3. Spatial parameters of gait in healthy pregnant women
	Author
	Time points of gestation tested
	Step or stride width / width of BOS or BOG
	Step or stride width / width of BOS or BOG definition
	Stride length
	Step length
	Toe in/out
	Conclusion

	Bird et al
	T1 12 weeks 
T2 16 weeks 
T3 20 weeks 
T4 24 weeks 
T5 28 weeks 
T6 32 weeks 
	T1 66.4 (26.4) mm
T6 85.6 (33.8) mm
p<0.05
	Width of BOG - perpendicular distance between heel centre and line of progression of the opposite foot
	T1 110.7 (13.3) cm 
T6 114.3 (13.2) cm
	T1 56.0 (6.6) m 
T6 58.0 (6.4) m
	Left
T1 8.5 (3.7)°
T6 9.8 (4.1)°

Right
T1 9.5 (3.6)° 
T6 10.4 (3.7)°
	3rd trimester compared to 1st trimester period:
↑ width of BOG

	Foti et al
	T1 35-40 weeks 
T2 1 year PP
	-
	-
	T1 1.2 (0.1) m
T2 1.3 (0.1) m
	-
	-
	No difference in stride length between 3rd trimester and PP periods

	Lymbery and Gilleard
	T1 38 weeks 
T2 8 weeks PP
	T1 14.2 (3.4) cm 
T2 11.69 (3.1) cm
p<0.002
	Step width - distance between the left and right ankle joint centres at left and right heel strike, respectively
	-
	T1 0.65 (0.09) m 
T2 0.667 (0.08) m
	T1 27 (9.3) mm
T2 28 (9.8) mm
	PP period compared to 3rd trimester:
↓ step width

No difference in stride or step length and toe in/out angles between 3rd trimester and PP periods

	Carpes et al
	T1 22-28 weeks 
T2 34-40 weeks 
T3 4 months PP
	-
	-
	T1 70.19 (5.91) %
T2 67.56 (5.25) %
T3 68.73 (5.58) %
*values are normalised to body height
T1 vs T2 p <0.05
	T1 35.19 (3.20) %
T2 33.83 (2.99) %
T3 34.50 (3.02) %
*values are normalised to body height
T1 vs T2 p<0.05
	-
	3rd trimester compared to 2nd trimester:
↓ stride length
↓ step length

No difference in stride or step length between PP period and 3rd trimester

	Forczek and Staszkiewicz
	T1 Pre-pregnancy
T2 28-40 weeks
T3 6 months PP
	T1 160 (28) mm
T2 181 (29) mm
T3 167 (25) mm
T1 vs T2, p<0.05; T2 vs T3, p<0.05
	Width of BOS - perpendicular distance between the lines passing through the lateral malleoli of the left and right ankle
	-
	T1 0.75 m
T2 0.71 m
T3 0.74 m
T1 vs T2, p<0.05
	-
	3rd trimester compared to pre-pregnancy:
↑ width of BOS
↓ step length

PP period compared to 3rd trimester:
↓ width of BOS

	Gilleard et al
	T1 <18 weeks 
T2 24 weeks 
T3 32 weeks 
T4 38 weeks 
T5 8 weeks PP
NP women
	T2 19.6 (3.5) cm
T3 20.1 (4.6) cm
T4 20.8 (4.1) cm
T5 19.1 (4.3) cm
NP 18.8 (3.4) cm
T2 vs T3 vs T4, p<0.05; T4 vs T5, p<0.02
	Step width - did not define
	T2 141.1 (12.5) cm
T3 141.1 (11.5) cm
T4 138.1 (12.3) cm
T5 139.5 (10.4) cm
NP 136.4 (11.0) cm
T2 vs T3 vs T4, p<0.05
	-
	-
	PP period compared to 3rd trimester:
↓ step width

Late 3rd trimester compared to early 3rd trimester and 2nd trimester:
↑ step width
↓ stride length

	Branco et al
	T1 13-27 weeks 
T2 28-40 weeks 
NP women
	T1 0.096 (0.025) m 
T2 0.101 (0.027) m 
NP 0.078 (0.024) m
	Stride width - did not define
	T1 1.260 (0.098) m 
T2 1.234 (0.088) m  
NP 1.316 (0.099) m
T2 vs NP, p<0.05
	Left
T1 0.630 (0.051) m
T2 0.616 (0.044) m 
NP 0.657 (0.053) m
T2 vs NP, p<0.05

Right
T1 0.630 (0.049) m
T2 0.618 (0.045) m
NP 0.659 (0.049) m
T2 vs NP, p<0.05
	-
	3rd trimester compared to NP women:
↓ stride length
↓ step length (left and right)

No difference in stride width between 2nd trimester, 3rd trimester and NP women

	Aguiar et al
	T1 24-30 weeks
NP women
	T1 0.10 (0.02) m
NP 0.08 (0.02) m 
	Stride width - did not define
	-
	Left
T1 0.62 (0.05) m
NP 0.64 (0.06) m 

Right
T1 0.54 (0.03) m
NP 0.52 (0.02) m
	-
	No difference in stride width and step length between 2nd trimester and non-pregnant women

	Bertuit et al
	T1 24 weeks
T2 28 weeks 
T3 32 weeks 
T4 36 weeks 
T5 16 weeks to 8 months PP
NP women
	T1-T4 0.1 (0.03) m
T5 0.09 (0.03) m
NP 0.08 (0.02) m
T1-T4 vs NP, p<0.001
	Step width - perpendicular distance between the heel centre of one footprint to the line of progression (line through two consecutive heel centres) of the opposite foot 
	T1-T4 1.16 (0.09) m  
T5 1.26 (0.12) m 
NP 1.35 (0.1) m 
T1-T4 vs NP, p<0.001
	T1-T4 0.58 (0.06) 
T5 0.62 (0.06)
NP 0.67 (0.05) 
T1-T4 vs NP p<0.001
	T1-T4 4 (4)°
T5 4 (4)°
NP 3 (5)°
	Pregnant compared to NP women:
↑ step width
↓ stride length
↓ step length

	Sawa et al
	T1 1-28 weeks
T2 28-40 weeks
	-
	-
	T1 1.10 (0.11) m
T2 1.13 (0.12) m
	-
	-
	No difference in stride length between early trimester and late trimester women

	Blaszczyk et al
	T1 end of first trimester
T2 29-40 weeks 
T3 2 months PP
T4 6 months PP
	27.7 (3.3) cm
29.9 (3.1) cm
27.9 (3.1) cm
28.3 (3.0) cm
	Width of BOS - did not define, but was taken as anthropometric data in standing position
	T1 1.19 m 
T2 1.16 m
T3 1.19 m
T4 1.25 (0.13) m
T1 vs T4, p<0.05; T2 vs T4, p<0.01; T3 vs T4, p<0.001
	-
	-
	6-months PP compared to 2-months PP, 3rd trimester and end of 1st trimester:
↑ Stride length

No difference in width of BOS



[bookmark: _Toc504569068]Table 4. Temporal parameters of gait in healthy pregnant women
	Author
	Time points of gestation tested
	Step time
	Stride / cycle time
	Gait velocity
	Cadence 
	Conclusion

	Foti et al
	T1 35-40 weeks 
T2 1 year PP
	-
	-
	T1 1.29 (0.2) m/s 
T2 1.3 (0.2) m/s
	T1 1.0 (0.1) steps/sec
T2 1.0 (0.1) steps/sec
	No differences in gait velocity and cadence between 3rd trimester and 1-year PP women

	Lymbery and Gilleard
	T1 38 weeks 
T2 8 weeks PP
	-
	-
	T1 1.18 (0.2) m/s
T2 1.25 (0.2) m/s
	-
	No difference in gait velocity between 3rd trimester and 8-weeks PP women

	Forczek and Staszkiewicz
	T1 Pre-pregnancy
T2 28-40 weeks
T3 6 months PP
	-
	-
	T1 1.53 (0.28) m/s
T2 1.41 (0.21) m/s
T3 1.52 (0.24) m/s
T1 vs T2, p<0.05
T2 vs T3, p<0.05
	T1 122 (11) steps/min
T2 119 (8) steps/min
T3 124 (8) steps/min
T2 vs T3, p<0.05
	3rd trimester compared to pre-pregnancy:
↓ gait velocity

PP compared to 3rd trimester:
↑ gait velocity
↑ cadence

	Gilleard et al
	T1 <18 weeks 
T2 24 weeks 
T3 32 weeks 
T4 38 weeks 
T5 8 weeks PP
NP women
	-
	-
	T2 1.3 (0.1) m/s
T3 1.3 (0.1) m/s
T4 1.3 (0.1) m/s
T5 1.3 (0.1) m/s
NP 1.3 (0.1) m/s
	-
	No difference in gait velocity between the different periods in pregnancy and NP women

	Branco et al
	T1 13-27 weeks 
T2 28-40 weeks 
NP women
	Left
T1 0.541 (0.030) s
T2 0.545 (0.032) s
NP 0.523 (0.020) s

Right
T1 0.540 (0.026) s 
T2 0.545 (0.033) s 
T3 0.525 (0.021) s
	T1 1.081 (0.054) s 
T2 1.091 (0.063) s
NP 1.048 (0.040) s
	T1 1.159 (0.125) m/s
T2 1.127 (0.128) m/s
NP 1.243 (0.089) m/s
	-
	No differences in step time, stride time, and gait velocity between 2nd trimester, 3rd trimester and NP women

	Aguiar et al
	T1 24-30 weeks
NP women
	-
	-
	T1 1.16 (0.12) m/s
NP 1.24 (0.13) m/s
	-
	No difference in gait velocity between 2nd trimester and NP women

	Bertuit et al
	T1 24 weeks
T2 28 weeks 
T3 32 weeks 
T4 36 weeks 
T5 16 weeks to 8 months PP
NP women
	T1-T4 0.6 (0.08) s
T5 0.57 (0.04) s
NP 0.53 (0.04) s
	T1-T4 1.2 (0.15) s
T5 1.14 (0.08) s
NP 1.07 (0.07) s
	T1-T4 0.99 (0.16) m/s 
T5 1.11 (0.14) m/s
NP 1.26 (0.13) m/s
T1-T4 vs NP, p<0.001
	T1-T4 102 (12) steps/min 
T5 106 (7) steps/min
NP 112 (8) steps/min
	Pregnant women compared to non-pregnant women:
↓ gait velocity

No differences in step time, stride time, and cadence between pregnant and NP women

	Sawa et al
	T1 1-28 weeks
T2 28-40 weeks
	-
	T1 1.09 (0.09) s
T2 1.16 (0.19) s
	T1 1.07 (0.15) m/s 
T2 1.05 (0.24) m/s 
	-
	No differences in stride time and gait velocity between early pregnancy and late pregnancy

	Yoo et al
	T1 2nd trimester 
T2 3rd trimester
	-
	-
	T1 113.2 (7.7) m/s
T2 102.0 (8.4) m/s 
NP 125.4 (13.9) m/s 
T1 vs T2, p<0.05; NP vs T1, T2, p<0.05)
	T1 108.7 (5.0) steps/min
T2 98.0 (7.9) steps/min 
NP 113.8 (6.2) steps/min
T1 vs T2 p<0.05; NP vs T1, T2, p<0.05)
	3rd trimester compared to 2nd trimester:
↓ gait velocity 
↓ cadence

Pregnant women compared to NP women:
↓ gait velocity
↓ cadence

	Blaszczyk et al
	T1 end of first trimester
T2 29-40 weeks 
T3 2 months PP
T4 6 months PP
	-
	-
	Min vel. in T3 0.99 (0.19) m/s
Max vel. in T4 1.13 (0.3) m/s
T1, T2, T3 vs T4, p<0.01
	-
	6-months PP period compared to end of first trimester, 3rd trimester and 2-months PP: 
↑ gait velocity




[bookmark: _Toc504569069]Table 5. Temporal parameters of gait in healthy pregnant women with a focus on gait phases
	Author
	Time points or groups assessed
	Stance phase duration (s or %)
	Double support phase (s or %)
	Swing phase duration (s or %)
	Single support phase (s or %)
	Conclusion

	Forczek and Staszkiewicz
	T1 Pre-pregnancy
T2 28-40 weeks
T3 6 months PP
	-
	T1 0.2 s
T2 0.22 s
T3 0.2 s
	-
	T1 0.4 s
T2 0.4 s
T3 0.44 s
	No differences in double and single support phases before, during 2nd trimester, and PP

	Branco et al
	T1 13-27 weeks
T2 28-40 weeks
NP women
	Left
T1 0.640 (0.040) s 
T2 0.655 (0.046) s 
NP 0.616 (0.026) s

Right
T1 0.645 (0.042) s 
T2 0.656 (0.042) s
NP 0.616 (0.029) s
	T1 0.208 (0.029) s  
T2 0.219 (0.030) s
NP 0.183 (0.018) s
(T1, T2 vs NP, p<0.05)
	Left
T1 0.439 (0.018) s 
T2 0.435 (0.021) s 
NP 0.433 (0.018) s

Right
T1 0.438 (0.019) s
T2 0.436 (0.025) s
NP 0.433 (0.020) s
	-
	2nd and 3rd trimester vs NP women:
↑ double support phase
Stance and swing phases are limb-independent.

	Aguiar et al
	T1 24-30 weeks gestation
NP women
	Left
T1 0.65 (0.04) s
NP 0.62 (0.04) s

Right
T1 0.65 (0.04) s
NP 0.62 (0.03) s
	T1 0.22 (0.03) s
NP 0.19 (0.03) s
	-
	-
	No differences in stance and double support phases. Stance phase duration is limb-independent.

	Lymbery and Gilleard
	T1 38 weeks 
T2 8 weeks PP
	T1 0.69 (0.06) s
T2 0.67 (0.05) s
	T1 25 (4.3) %
T2 25 (4.0) %
	-
	-
	No differences in stance and double support phases between 3rd trimester and PP

	Foti et al
	T1 35-40 weeks
T2 1 year PP
	-
	T1 27 (3) %
T2 25 (3) %
(p=0.02)
	-
	T1 36 (2) % 
T2 37 (2) %
(p=0.019)
	PP period vs 3rd trimester:
↑ single support phase
↓ double support phase

	Carpes et al
	T1 22-28 weeks
T2 34-40 weeks
T3 4 months PP
	T1 64.33 (1.95) %
T2 65.06 (2.08) %
T3 65.21 (1.87) %
(T1 vs T2, T3, p<0.05)
	T1 14.22 (9.52) %
T2 15.03 (9.68) %
T3 15.00 (9.67) %
(T1 vs T2, T3, p<0.05)
	-
	T1 35.76 (1.88) %
T2 35.00 (2.26) %
T3 34.89 (2.00) %
(T1 vs T2, T3, p<0.05)
	PP period and 3rd trimester vs 2nd trimester:
↑ stance phase
↑ double support phase
↓ single support time

	Bertuit et al
	T1 24 weeks 
T2 28 weeks
T3 32 weeks 
T4 36 weeks 
T5 16 weeks to 8 months PP
NP women
	T1-T4 61 (2) %
T5 61 (2) %
NP 59 (1) %
(T1-T4 vs NP, p<0.001; T5 vs NP, p<0.001)
	T1-T4 24 (8) %
T5 22 (4) %
NP 17 (2) %
	T1-T4 38 (2) %
T5 39 (2) %
NP 41 (1) %
(T1-T4 vs NP, p<0.001)
	T1-T4 39 (2) %
T5 39 (2) %
NP 41 (1) 
(T1-T4 vs NP, p<0.001)
	2nd to 3rd trimester vs NP women:
↑ stance phase
↓ swing phase
↓ single support phase
PP vs NP women:
↑ stance phase
No difference in double-support phase between pregnant, PP, and NP women.

	Blaszczyk et al
	T1 end of first trimester
T2 29-40 weeks 
T3 2 months PP
T4 6 months PP
	T1, T2, T3 65 %
T4 64.3 %
	T1 14.9 (2.1) %
T2 15.2 (2) %
T4 14.3 (1.8) %

(T1 vs T4, p<0.02; T2 vs T4, p<0.001)
	T2 35 (2) %
T4 36 (2) %
	-
	PP period vs 1st and 3rd trimester:
↓ double support phase
No differences in stance phase and swing phase between 1st trimester, 2nd trimester and PP women
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	Author
	Gestational periods / groups
	PGP criteria
	Gait assessment
	Comfortable gait velocity
	Maximum gait velocity
	Key conclusions

	Wu et al
	PGP women (mean 27 weeks)

HP women (mean 28.9 weeks)
	Pelvic girdle pain

Problems with daily movements

At least 1 positive pelvic pain provocation tests:
(1) sacroiliac palpation
(2) manual distraction 
(3) compression of the ilia 
(4) Active Straight Leg Raising 
(5) Posterior Pelvic Pain Provocation
	Walk on a treadmill at different velocities
	PGP 3.0 km/h = 0.83 m/s
HP 3.7 km/h = 1.03 m/s
p=0.005
	PGP 4.4 km/h = 1.22 m/s
HP 6.0 km/h = 1.67 m/s
p<0.0001
	PGP women compared to HP women:
↓ comfortable walking velocity
↓ maximum walking velocity

	Gutke et al
	Groups:
PGP women
LP women
CP women
No LBP women

Time points:
T1 1st and 2nd trimester (mean 15 weeks)
T2 3 months PP
	2 or more positive pelvic pain provocation tests:
(1) sacroiliac palpation
(2) manual distraction 
(3) compression of the ilia 
(4) Active Straight Leg Raising 
(5) Posterior Pelvic Pain Provocation

Absence of centralisation or peripheralisation phenomena during repeated movement assessment

No lumbar pain or change in ROM from repeated movements according to the MDT classifications

PGP onset was during pregnancy or within 3 weeks after delivery
	Walk barefoot "at a comfortable speed" for a distance of 20m" on a horizontal indoor floor 20m in length
	T1
PGP 1.24 m/s
LP 1.31 m/s
CP 1.25 m/s
No LBP 1.33 m/s
No LBP vs LP vs PGP, p<0.008

T2
PGP 1.26 m/s
LP 1.27 m/s
CP 1.28 m/s
No LBP 1.33 m/s
No LBP vs LP vs PGP, p<0.03
	-
	PGP women compared to No LBP women:
↓ comfortable walking velocity during pregnancy and post-pregnancy

	CP, combined pain; HP, healthy pregnant; LBP, lower back pain; LP, lumbar pain; 
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Figure 1. Algorithm applied to determine inclusion and exclusion of study. If the total points of a study were ‘4’ or ‘3’, the study was included for the next stage. It they were ‘1’ or ‘0’, the study was immediately excluded. If they were ‘2’, the study was reviewed again by both reviewers.
Figure 2. PRISMA flow diagram of study selection.
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Figure 1
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Figure 2Records identified through database searching
(n = 2921)

Medline: 1068
Embase: 1626
Maternity and Infant Care: 227
Additional records identified through other sources
(n = 4)

Literature and systematic review articles: 4
Records after duplicates removed
(n = 2245)
Records screened
(n = 2245)
Records excluded
(n = 2190)
Full-text articles assessed for eligibility
(n = 55)
Full-text articles excluded 
(n = 41)

Not English: 5
No gait outcome measures: 11
No spatiotemporal parameter: 12
Not walking on level surface: 3
Non-pregnant women at time of study: 1
Not primary research: 2
Conference abstracts: 7
Studies included in qualitative synthesis
(n = 14)
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[bookmark: _Toc504569074]S1 – Search Strategy
 (Pelvic pain OR (pelvic and pain) OR pelvic instability of pelvic insufficiency OR (joint instability AND (pelvis OR pelvic OR sacroiliac)) OR (pelvic AND girdle) OR back pain OR (back AND pain) OR (sacral AND torsion) OR (nutation AND (pelvic OR pelvis OR sacroiliac OR sacral))) 
AND 
((labour OR pregnancy OR birth OR childbirth OR postpartum OR perinatal) OR (labour OR pregnancy OR birth OR childbirth OR postpartum OR perinatal)) 
AND 
(gait OR walk OR locomotion OR ambulation)


[bookmark: _Toc504569075]S2 – Quality Assessment Tool (adapted from NHLBI Quality Assessment Tool for Cohort and Cross-sectional Studies)
	Domains

	1
	Was the research question or objective in this paper clearly stated?
Yes (2) – Goal described clearly, easily understood
Moderately (1) – Goal described vaguely, not easily understood
No (0) – No goal described

	2
	Was the study population clearly specified and defined?
Yes (2) – Number of participants, age of participants, location, time period defined
Moderately (1) – 1 or 2 components of study population missing
No (0) – more than 2 components of study population missing

	3
	Was the participation rate of eligible persons at least 50%?
Yes (2) – more than 50% were eligible
Moderately (1) – less than 50% were eligible
No (0) – information not provided

	4
	Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study pre-specified and applied uniformly to all participants?
Yes (2) – Similar population; inclusion and exclusion criteria pre-specified and uniformly applied to all participants
Moderately (1) – Several exceptions in recruitment of population; inclusion and exclusion criteria not pre-specified and not applied to 10% of participants 
No (0) – Dissimilar population; inclusion and exclusion criteria not pre-specified and not applied to >10% of participants 

	5
	Was a sample size justification, power description, or variance and effect estimates provided?
Yes (2) – Reasons for selecting / recruiting the number of participants clearly given; statistical power of study adequate
Moderately (1) – Reasons for selecting / recruiting the number of participants vaguely given; statistical power of study inadequate
No (0) – Reasons for selecting / recruiting the number of participants not given; statistical power of study not discussed

	6
	A) Was the timeframe sufficient so that one could reasonably expect to see change in gait over time? (Cohort)
Yes (2) – 3 or more time points tested  
Moderately (1) – 2 time points tested 
No (0) – 1 time point tested 
B) Were there adequate comparator groups so that one could reasonably expect to see differences in gait between groups? (Cross-sectional)
Yes (2) – 3 or more groups 
Moderately (1) – 2 groups
No (0) – no comparator group

	7
	Were the exposure measures clearly defined, valid, reliable, and implemented consistently across all participants?
Yes (2) – Validated methods of assessment for exposure measures (i.e. gestational period)
Moderately (1) – No formal method of assessment for exposure measures 
No (0) – Information not provided

	8
	Were the outcome measures clearly defined, valid, reliable and implemented consistently across all study participants?
Yes (2) – Outcome measures clearly defined in methods section; implemented consistently across all study participants 
Moderately – Outcome measures vaguely defined in methods section; implemented consistently across all study participants 
No (0) – Outcome measures not defined in methods section, not implemented consistently across all study participants

	9
	Was loss to follow-up after baseline 20% or less? (Cohort)
Yes (2) – Loss to follow-up was less than 20%
Moderately (1) – Loss to follow-up was more than 20%
No (0) – Loss to follow-up not discussed

	10
	Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure and outcome?
Yes (2) – Regression methods as statistical analyses performed for anthropometric data
Moderately (1) – Some form of statistical analyses performed for anthropometric data
No (0) – No statistical analyses considered



[bookmark: _Toc504569076]S3 – Quality of studies 
	Domain
	Bird et al
	Foti et al
	Lymbery and Gilleard
	Wu et al
	Carpes et al
	Gutke et al
	Forczek and Staszkiewicz
	Gilleard
	Branco et al
	Aguiar et al
	Bertuit et al
	Sawa et al
	Yoo et al
	Blaszczyk et al

	1
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	2
	2
	2
	1
	1
	1
	2
	2
	1
	1
	1
	2
	1
	2
	1

	3
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0
	0
	0

	4
	2
	2
	2
	2
	1
	2
	2
	0
	2
	2
	2
	2
	2
	2

	5
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0
	0
	0

	6
	2
	1
	1
	1
	2
	2
	2
	2
	2
	2
	2
	1
	1
	2

	7
	2
	0
	2
	2
	0
	2
	2
	0
	2
	0
	2
	2
	0
	2

	8
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	9
	1
	2
	0
	0
	0
	2
	2
	0
	0
	0
	0
	0
	2
	0

	10
	2
	1
	1
	2
	1
	2
	0
	2
	1
	1
	1
	2
	0
	2

	Total score
	15
	14
	11
	12
	9
	20
	14
	9
	12
	10
	13
	12
	11
	13

	
	out of 20
	out of 20
	out of 20
	out of 18
	out of 20
	out of 20
	out of 20
	out of 20
	out of 20
	out of 18
	out of 18
	out of 18
	out of 20
	out of 20

	Quality
	High
	Medium
	Medium
	Medium
	Low
	High
	Medium
	Low
	Medium
	Medium
	High
	Medium
	Medium
	Medium
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