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M ODERN perioperative care advocates clinical path-
ways that expedite regain of function and/or achiev-

ing functional independence after surgical and anesthetic 
interventions, with commensurate emphasis placed on func-
tional recovery outcomes.1–5 Early postoperative ambulation 
is an integral component of enhanced functional recovery 
among surgical patients.6–8 It is associated with improve-
ments in numerous perioperative outcomes; enhanced pain 
relief, prevention of deep vein thrombosis, shorter hospital 
stay, faster recovery, and earlier return to normal activity 
have been demonstrated in various surgical populations.8–10 
In contrast, delayed ambulation is linked to worse outcomes 
and increased opioid analgesia requirements.8–12 Similar find-
ings have been observed among obstetric and gynecologic 
patients undergoing abdominal procedures,12–15 and addi-
tional benefits, such as enhancing breastfeeding, facilitating 

newborn care,16 and reducing the risk of thromboembo-
lism, a major cause of maternal mortality and morbidity,17 
have also been reported among parturients. Importantly, 
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•	 Early postoperative ambulation is of benefit to patients and 
potentially modifiable; however, evidence regarding the ideal 
approach for evaluating early postoperative ambulation is lacking
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•	 This study objectively demonstrates that vaginal delivery 
is associated with greater early ambulation and functional 
recovery compared to cesarean delivery

•	 It also establishes the feasibility of using activity trackers 
to evaluate early postoperative ambulation after neuraxial 
anesthesia and analgesia
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ABSTRACT

Background: Early postoperative ambulation is associated with enhanced functional recovery, particularly in the postpartum 
population, but ambulation questionnaires are limited by recall bias. This observational study aims to objectively quantify 
ambulation after neuraxial anesthesia and analgesia for cesarean delivery and vaginal delivery, respectively, by using activity 
tracker technology. The hypothesis was that vaginal delivery is associated with greater ambulation during the first 24 h post-
delivery, compared to cesarean delivery.
Methods: Parturients having first/second cesarean delivery under spinal anesthesia or first/second vaginal delivery under epi-
dural analgesia between July 2015 and December 2016 were recruited. Patients with significant comorbidities or postpartum 
complications were excluded, and participants received standard multimodal analgesia. Mothers were fitted with wrist-worn 
activity trackers immediately postdelivery, and the trackers were recollected 24 h later. Rest and dynamic postpartum pain 
scores at 2, 6, 12, 18, and 24 h and quality of recovery (QoR-15) at 12 and 24 h were assessed.
Results: The study analyzed 173 patients (cesarean delivery: 76; vaginal delivery: 97). Vaginal delivery was associated with 
greater postpartum ambulation (44%) compared to cesarean delivery, with means ± SD of 1,205 ± 422 and 835 ± 381 steps, 
respectively, and mean difference (95% CI) of 370 steps (250, 490; P < 0.0001). Although both groups had similar pain scores 
and opioid consumption (less than 1.0 mg of morphine), vaginal delivery was associated with superior QoR-15 scores, with 
9.2 (0.6, 17.8; P = 0.02) and 8.2 (0.1, 16.3; P = 0.045) differences at 12 and 24 h, respectively.
Conclusions: This study objectively demonstrates that vaginal delivery is associated with greater early ambulation and func-
tional recovery compared to cesarean delivery. It also establishes the feasibility of using activity trackers to evaluate early post-
operative ambulation after neuraxial anesthesia and analgesia. (Anesthesiology 2018; 128:598-608)
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ambulation in the perioperative period is a modifiable fac-
tor that, with sufficient communication and encouragement, 
can significantly enhance recovery and promote health-
seeking behaviors among surgical parturients.10 However, 
evidence regarding the ideal approach for evaluating early 
postoperative ambulation is lacking,14 with most tools used 
being subject to recall bias,18 thus underscoring the impor-
tance of objective real-time quantification of ambulation.

Enhanced functional recovery policies emphasizing early 
ambulation after cesarean delivery have been implemented 
in several institutions worldwide,9,13,19 including ours (St. 
Michael’s Hospital [SMH], University of Toronto, Toronto, 
Ontario, Canada). In this study, we aimed to evaluate the 
degree of ambulation in parturients after cesarean delivery 
and to compare it to those having normal vaginal delivery. 
To objectively quantify ambulation, we used wearable activ-
ity trackers (fitness bracelets). Researchers are just beginning 
to explore the potential role of this novel technology in peri-
operative care, with nascent applications in assessing the set 
medium-to-long–term activity goals and lifestyle changes 
over days20 to months21 after coronary artery bypass graft20 
and bariatric surgery,21 respectively. However, its role in 
evaluating immediate (day 1) postoperative or postpartum 
ambulation has not yet been explored.

We aimed to demonstrate the feasibility of using activ-
ity trackers to quantify ambulation after regional anesthe-
sia and analgesia interventions. Specifically, this prospective 
observational study sought to show that vaginal delivery 
under epidural analgesia is associated with more activity 
in the immediate postpartum period compared to cesarean 
delivery under spinal anesthesia, in the setting of effective 
multimodal analgesia. We hypothesized that vaginal-deliv-
ery parturients would have greater ambulation, as measured 
by the number of steps using activity trackers, during the 
first 24 h after delivery, compared to their cesarean-delivery 
counterparts. We also assessed postoperative pain control, as 
measured by visual analog pain severity scores and analgesic 
consumption, as well as quality of recovery (QoR) as mea-
sured by the QoR-15 tool.22

Materials and Methods
The authors adhered to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guidelines 
for reporting observational studies23 in preparing the analysis 
plan and writing this manuscript. This stand-alone observa-
tional study was not part of any other project; it was approved 
by the Research Ethics Board and conducted at SMH, a ter-
tiary center in Toronto, Canada, fully affiliated with the Uni-
versity of Toronto, between July 2015 and December 2016.

Early Ambulation Policy
The prospective cohort study commenced in July 2015, 
3 months after the introduction of the new postcesarean 
ambulation policy at SMH in April 2015, and concluded 

in December 2016. The 3 months were meant to give mem-
bers of the multidisciplinary care team the opportunity to 
familiarize themselves with the changes to patient care and 
to allow the integration of the new policy into the care stan-
dard. In the absence of contraindications, the policy permits 
ambulation as soon as spinal anesthesia wears off, as con-
firmed by a Bromage (scores of motor block: 0 = normal, 1 
to 3 = reduced motor power) score = 0. It calls for removal of 
the Foley catheter 6 to 8 h after cesarean delivery, sets early 
ambulation as a goal, and provides frequent reminders and 
encouragement by nurses providing care to achieve this goal. 
Having a shower at 24 h, or as early as possible, is also set as 
a benchmark to enhance the general wellbeing and facilitate 
earlier discharge. The policy also modified the suturing tech-
nique care standard into subcutaneous absorbable sutures to 
reduce the postsurgical wound maintenance requirements.

Study Population
We aimed to evaluate the ambulation of parturients during 
the first 24 h postdelivery for cesarean delivery in compari-
son to vaginal delivery. All female patients who had a vaginal 
delivery or cesarean delivery at SMH between July 2015 and 
December 2016 were considered. To minimize confounding 
in this observational study, we planned to minimize the role 
of factors that may favor one mode of delivery (e.g., cesar-
ean delivery) over the other and at the same time influence 
the outcomes examined. Thus we aimed to enroll patients 
with minimal risk factors that may interfere with ambula-
tion, postdelivery analgesia, and quality of recovery. To 
limit potential confounding attributed to parity-related dif-
ferences in postdelivery pain severity,24–27 we restricted the 
population of interest to mothers having their first or second 
delivery (parity = zero, or parity = one with one live child), 
as we knew a priori that a third cesarean delivery is very rare 
at our institution. The primary source of the data used in 
this study was the number of steps taken by each patient, as 
registered by the wrist-worn activity trackers. Pain scores and 
QoR data were collected using a patient diary, while analge-
sic consumption and demographic data were collected from 
the medical records.

Eligibility
Nulliparous patients having their first elective cesarean 
delivery or uncomplicated vaginal delivery and uniparous 
patients having their second elective cesarean delivery or 
uncomplicated vaginal delivery were enrolled in this study. 
Patients delivering by elective cesarean delivery were consid-
ered eligible if delivery was performed using a lower-segment 
cesarean section (Pfannenstiel) and completed under a spinal 
anesthetic inclusive of intrathecal morphine. Patients deliv-
ering vaginally were considered eligible if a lumbar epidural 
was administered for labor analgesia and if patients did not 
require assisted delivery. We excluded all high-risk preg-
nancies including (1) preeclampsia; (2) hemolysis, elevated 
liver enzymes, low platelet count (HELLP) syndrome; (3) 
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significant psychiatric or mental disorder, including active 
anxiety/depression; (4) diabetes mellitus or gestational dia-
betes; (5) maternal age of more than 42; (6) pyelonephri-
tis; (7) morbid obesity (body mass index [BMI] of at least 
40 kg/m2); (8) known congenital anomalies; (9) active sexu-
ally transmitted infections; (10) polyhydramnios or oligo-
hydramnios; (11) multiple gestation; (12) premature births; 
and (13) deliveries where the newborn required extended 
observation or intensive care. We also excluded patients with 
potential confounders that may entail atypical analgesic 
requirements, postpartum pain, and postpartum ambula-
tion, such as intolerance to components of the multimodal 
analgesic regimen used or preexisting chronic pain, and 
patients who experienced delivery complications, such as 
postpartum hemorrhage or third-degree tears during vaginal 
delivery. Furthermore, patients who experienced suboptimal 
anesthetic or analgesic techniques, i.e., required supplemen-
tation or conversion from spinal to general anesthesia for 
cesarean delivery, or had a persistent patchy labor epidural 
block, as evidenced by frequent bolusing (3 or more), or 
required resiting of the epidural catheter for vaginal deliv-
ery, were also excluded. Patients who used combined spinal 
epidural for labor analgesia were not included, because this 
modality is reserved at our institution for women (especially 
multiparous) in active labor, precipitous labor, or with epi-
dural failure. Finally, patients who had a labor epidural con-
verted to provide surgical anesthesia for a cesarean delivery 
were also ineligible. To ensure accurate responses to survey 
questions, recruitment was restricted to English-speaking 
patients.

Predelivery Procedures
Patients were contacted for possible involvement in this 
study after admission to the labor and delivery suite. Those 
scheduled for elective cesarean delivery were approached 
in the triage area, before delivery, whereas those having a 
vaginal delivery were approached in their labor and delivery 
room, immediately after delivery. The aim of the study was 
explained, and patients were familiarized with the use of the 
wrist-worn activity trackers, the patient diary to document 
postdelivery pain severity, and the QoR-15 tool. Verbal 
approval for participation in the study was sought from inter-
ested patients. The water-resistant nature of the bracelets was 
emphasized, and patients were instructed to wear the activity 
tracker continuously around the wrist of their nondominant 
hand for the full 24-h observation period. Baseline informa-
tion such as maternal age, BMI, fetal weight, and feeding 
plans (i.e., breastfeeding or formula) were collected.

Postdelivery Procedures
Patients were met immediately after delivery to (1) obtain 
informed consent, (2) provide the patient diary, (3) be fitted 
with the activity trackers (UP by Jawbone Fitness Trackers, 
USA), and (4) be reminded of the study procedures. Sub-
sequently, the trackers and diaries were collected at 24 h 

postdelivery. Activity trackers were synchronized to the UP 
by the Jawbone smartphone application immediately after 
collection to avoid registering the assessor’s movement as 
steps, and the patient’s number of steps during the first 24 h 
postdelivery was documented. All trackers were reset and 
cleaned with a sterilizing solution before each use.

Care Standard
The standardized institutional postdelivery pain manage-
ment protocol was used for all patients. For cesarean delivery, 
this included 0.1 mg of morphine and 0.015 mg of fentanyl 
administered intrathecally, as part of the spinal anesthetic, 
500 mg of naproxen suppository immediately after the cesar-
ean section, 500 mg of oral naproxen twice daily for 1 day, 
and 1,000 mg of acetaminophen every 6 h for 3 days. For 
vaginal delivery, parturients received patient-controlled epi-
dural analgesia using a 0.08% ropivacaine with 2 μg ml−1 
fentanyl solution, as per routine institutional practice. After 
vaginal delivery, patients received 200 mg of oral ibuprofen 
every 6 h for 1 day, and 500 mg of acetaminophen every 6 h 
for 3 days. Catheters were removed 1 h after the placenta 
was delivered, if the mother was in a stable condition. For 
breakthrough pain, 5 to 10 mg of oral morphine was avail-
able on demand for both patient populations. These orders 
are revised and modified, as needed, by acute pain service on 
day 2 postdelivery.

Study Design
Patients who had a cesarean delivery were compared to 
those who delivered vaginally on postpartum ambulation, 
pain relief, and QoR. For these comparisons, the data were 
modeled using a multivariable regression analysis with mode 
of delivery as an independent variable. The baseline/demo-
graphic predictors considered for the multivariable model 
included six a priori identified potential confounders and/
or risk factors that may influence postdelivery ambulation 
and/or pain, including (1) age, (2) BMI, (3) fetal weight, 
(4) breastfeeding, (5) parity, and (6) delivery time (morn-
ing vs. afternoon cesarean delivery). Multivariable regres-
sion modeling was used to examine whether these potential 
confounders were significant predictors of the patients’ total 
number of steps during the first 24 h postdelivery. All factors 
significant at P < 0.2 were retained in the model. Further-
more, we have performed an additional post hoc exploration 
of the correlation between ambulation and the other out-
comes measures, specifically pain and quality of recovery.

Outcome Measures
Postpartum Ambulation. Ambulation, measured by the 
number of steps taken during the first 24 h postdelivery, 
was designated as a primary outcome and was captured 
by wrist-worn activity trackers and subsequently stratified 
for intervals of 0 to 6, 6 to 12, 12 to 18, and 18 to 24 h. 
The UP by Jawbone activity tracker permits measuring the 
number of steps taken along with the times at which these 
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steps were taken (appendix 1). Data collected by the tracker 
were accessible through the manufacturer’s mobile applica-
tion, available for download on smartphone devices. Activity 
trackers per se have been shown to be a valid and reliable 
tool in objectively measuring user steps in the clinical set-
ting.28–30 They can also monitor user steps and sleep patterns 
and provide goal setting options for weight, nutrition, and 
fitness.31 For the purposes of our study, user steps were the 
only data retrieved.
Postdelivery Analgesia. Rest and dynamic (walking, or sit-
ting up if walking is not possible) pain severity scores at 2, 6, 
12, 18, and 24 h postpartum were documented by patients 
in the diary using a visual analog scale (VAS; 0 = no pain at 
all, 10 = worst pain imaginable) score. The additional break-
through analgesic consumption (mg of morphine) during 
the first 24 h postdelivery was also documented.
Quality of Recovery. The patient diary also included two cop-
ies of the QoR-15 questionnaire to be completed at 12 and 
24 h postdelivery to assess early postdelivery recovery. The 
QoR-15 is a validated patient-centered tool that evaluates 
physical and emotional well-being through five dimensions 
of health including pain, physical comfort, physical inde-
pendence, emotional support, and psychologic support.22 
The questionnaire consists of 15 questions, each scored from 
0 to 10 for a maximal score of 150. A difference of 8 units in 
the global QoR-15 score is considered a clinically important 
difference in early postoperative recovery.32

Analysis
We used multivariable regression to evaluate the association 
between the primary outcome, postdelivery ambulation, and 
the mode of delivery. We designated a P value < 0.05 as the 
threshold of statistical significance for the associations exam-
ined. We used the Bonferroni–Holm correction to adjust for 
repeated outcome measurements.33 Continuous outcome 
data were expressed as means (95% CI). Ordinal outcome 
data describing QoR scores and pain VAS scores were treated 
as continuous data and reported as means (95% CI). We 
used the Student’s t tests or the Mann–Whitney U tests, as 
appropriate, to compare continuous outcomes. Categorical 
variables were expressed as proportions (percentages), and 
compared using the chi-square tests or Fisher exact tests, 
as appropriate. Finally, the exploration of the correlation 
between ambulation (independent variable) and pain sever-
ity scores (rest and dynamic), as well as QoR scores, was 
performed post hoc by calculating the Spearman’s correlation 
coefficient. The data were analyzed using R version 3.2.3 (R 
Foundation for Statistical Computing, Austria).

Sample Size Calculation
To test the hypothesis that vaginal-delivery parturients have 
better ambulation than cesarean-delivery parturients, we 
performed a two-sided test of superiority of the number 
of steps during the first 24 h at the 5% significance level. 
Based on our preliminary institutional data, we estimated 

the means ± SD of the number of steps during the first 24 h 
after vaginal delivery to be 1,000 ± 250 steps. Assuming that 
a 20% difference in the total number of steps would be clini-
cally meaningful, we calculated that a sample of at least 25 
patients per group (50 in total) would provide 80% power 
with a type I error estimate of 0.05 to detect superiority of 
ambulation.

Results
We screened all parturients who delivered by cesarean deliv-
ery or vaginal delivery during regular work hours (8:00 to 
16:00) of the time period of interest. We identified 684 
potentially relevant deliveries performed between July 2015 
and December 2016. Of these, 511 records did not meet the 
inclusion criteria (fig. 1), and 173 patients were recruited; 
complete data were available for all recruited patients: 
76 in the cesarean-delivery group and 97 in the vaginal-
delivery group. All 173 patients were included in the final 
analysis. Table 1 summarizes the baseline characteristics for 
both study groups. There were no significant differences in 
patient baseline characteristics. Multiple regression analy-
sis confirmed that the six predefined potential confounders 
of postpartum ambulation were all significant predictors of 
the total number of steps during the first 24 h postdelivery 
(appendix 2).

Ambulation
The numbers of steps registered by the activity trackers in 
this cohort suggested that vaginal delivery is associated with 
greater ambulation (44% more, P < 0.0001) during the first 
24 h postpartum. The mean (95% CI) of the number of 
steps during the first 24 h was 1,205 steps (1,120, 1,290) 
in the vaginal-delivery group, compared to 835 steps (748, 
922) in the cesarean-delivery group. Table 2 summarizes the 
outcome results for both groups. The difference between the 

Fig. 1. Flow diagram of case selection.
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two groups (vaginal delivery − cesarean delivery) was 370 
steps (250, 490).

When the total number of steps for each study group in 
this cohort was stratified into 6-h intervals, it was noted that 
vaginal delivery was associated with significantly greater 
number of steps during the 0 to 6 h (P = 0.005), 6 to 12 h 
(P = 0.003), and 18 to 24 h (P = 0.01) intervals, suggest-
ing better early ambulation in the vaginal-delivery group 
(fig. 2). The difference during the 12 to 18-h interval was 
not statistically significant (P = 0.33), which may suggest 
a lack of difference in ambulation between the two groups 
during night time. Almost 70% of the total difference (258 
of 370 steps) was attributed to the combined 12 to 24-h 
interval. Figure 3 illustrates the interval frequency distribu-
tion of ambulation.

Postdelivery Analgesia
Except at 2 h postdelivery, where vaginal delivery seemed 
to be associated with worse rest and dynamic pain sever-
ity in this cohort, with differences in VAS scores equivalent 
to 1.3 (0.3, 2.3; P = 0.003) and 1.6 (0.2, 3.0; P = 0.03), 
respectively (table  2), there was no statistically significant 
difference in rest or dynamic pain severity scores between 
the two modes of delivery at all other time points exam-
ined. Although figure 4 seemed to suggest that patients in 
the vaginal-delivery group also had worse pain during the 
6 to 24-h interval, we could not detect any statistically sig-
nificant differences in pain scores between the two groups 
beyond 2 h.

Both groups had minimal opioid consumption (less than 
1.0 mg of oral morphine) during the first 24 h, and the differ-
ence in consumption between the two groups was not statisti-
cally significant between parturients who had a cesarean delivery 
with spinal anesthesia and intrathecal morphine (0.1 mg) and 
parturients who had a vaginal delivery with epidural analgesia.

Quality of Recovery
The QoR evaluation using the patient diary in this cohort 
suggested that vaginal delivery was associated with supe-
rior quality of early postdelivery recovery, compared to the 
cesarean delivery, with differences in QoR-15 scores (vaginal 
delivery − cesarean delivery) equivalent to 9.2 (0.6, 17.8; P = 
0.02) at 12 h and 8.2 (0.1, 16.3; P = 0.045) at 24 h (table 2). 
These differences are considered clinically important32 and 
were attributable to differences in the physical comfort and 
physical independence dimensions of the QoR-15 (fig. 5). 
The two modes of delivery were associated with similar 
scores in the pain, emotional state, and psychologic support 
dimensions. Post hoc exploration of the correlation between 
pain as well as QoR (as dependent variables) and ambulation 
(number of steps) using the current data suggests the pres-
ence of strong positive correlations between pain (dynamic 
only) and ambulation (r = 0.64, P = 0.006), as well as 
between QoR and ambulation (r = 0.77, P < 0.001).

Finally, none of the participants of this cohort reported 
any difficulties in completing the patient diary or the need 
to remove the activity trackers from their wrists during the 
observation period. Furthermore, the use of activity trackers 
was not associated with any technical challenges or incon-
veniences, and the captured ambulation data were success-
fully retrieved for all patients, suggesting the acceptability 
and practicality of using activity trackers in this patient 
population.

Discussion
Our findings suggest that cesarean delivery is associated with 
reduced ambulation, as measured by the number of steps 
during first 24 h postdelivery, compared to vaginal delivery. 
This finding is notable considering that both vaginal delivery 
and cesarean delivery were associated with similarly effective 
postpartum pain control during the first 24 h postdelivery, 
as measured by pain scores and opioid consumption, and 
in the presence of an institutional policy encouraging early 

Table 1.  Baseline Characteristics and Outcome Results of the 
Prospective Cohort

Baseline Characteristics

Cesarean 
Delivery
(n = 76)

Vaginal 
Delivery
(n = 97)

P 
Value

Age (yr) 33 (9) 31 (10) 0.15
BMI (kg/m2) 32.2 (8.8) 31.4 (10.4) 0.60
Fetal weight (g) 3,428 (902) 3,374 (918) 0.68
Breastfeeding (yes/no) 73/3 93/4 0.95
Parity (0/1) 47/29 56/41 0.58
Delivery time:
(8:00–12:00/12:00–16:00)

40/36 49/48 0.78

The values are expressed as means (SD), means (95% CI), or number of 
patients.
BMI = body mass index.

Table 2.  Outcome Results of the Prospective Cohort

Outcome
Cesarean Delivery

(n = 76)
Vaginal Delivery

(n = 97) Difference P Value*

Steps during first 24 h 835 (381) 1,205 (422) 370 [250, 490] < 0.0001
Rest pain at 2 h 0.7 (2.9) 2.0 (4.0) 1.3 [0.3, 2.3] 0.003
Dynamic pain at 2 h 1.2 (4.8) 2.8 (4.5) 1.6 [0.2, 3.0] 0.03
Quality of recovery score at 12 h 120.0 (28.4) 129.2 (28.8) 9.2 [0.6, 17.8] 0.02
Quality of recovery score at 24 h 123.1 (27.1) 131.3 (26.8) 8.2 [0.1, 16.3] 0.045

The values are expressed as means (SD) or means (95% CI).
*The Bonferroni–Holm correction has been used to adjust the threshold of statistical significance for multiple measurements.
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Fig. 2. Bar plot of the number of steps during the first 24 h, stratified into 6-h intervals. *Statistical significance (after Bonferroni–
Holm adjustment). CD = cesarean delivery; VD = vaginal delivery.

Fig. 3. Interval frequency distribution by ambulation. CD = cesarean delivery; VD = vaginal delivery.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/128/3/598/382046/20180300_0-00024.pdf by guest on 10 April 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 128:598-608	 604	 Ma et al.

Activity Trackers Measure Postpartum Ambulation

ambulation after cesarean delivery. Additionally, vaginal 
delivery was associated with superior QoR at 12 and 24 h 
postdelivery. Importantly, our study demonstrates the fea-
sibility of using the activity trackers to objectively measure 

the degree of mobility and evaluate early functional recov-
ery among postpartum mothers, as a model population 
that receives regional (neuraxial) anesthesia and analgesia 
interventions. These findings set the stage for adopting early 

Fig. 4. Plot of the dynamic pain severity visual analog pain scores. Circles and squares represent the mean values. *Statistical 
significance (after Bonferroni–Holm adjustment). CD = cesarean delivery; VAS = visual analog scale; VD = vaginal delivery.

Fig. 5. Box plot of the dimensions of the quality of recovery (QoR-15) scores at 12 and 24 h postdelivery. Median values are 
shown as solid lines within boxes of 25th and 75th percentile values. The whiskers represent 5th and 95th percentile val-
ues. The data were compared using the Mann–Whitney U test. *Statistical significance (after a Bonferroni–Holm adjustment). 
CD = cesarean delivery; QoR = quality of recovery; VD = vaginal delivery.
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ambulation as a performance indicator of perioperative care 
and enhanced functional recovery.

The use of activity trackers has been explored in the tho-
racic and orthopedic surgery populations34,35 to evaluate 
postoperative modifications to activity level and lifestyle, 
with the aim of enhancing long-term patient outcomes. In 
the first study,34 cardiac surgery patients were monitored 
for 5 days after intensive care unit discharge; in the sec-
ond study,35 hip-replacement patients were monitored for 
1 month after home discharge. Both studies used wire-
less accelerometery activity trackers requiring real-time 
synchronization to evaluate the effect of certain param-
eters, such as surgical technique, disposition, or BMI, on 
medium-to-long–term mobility. In contrast, our study is 
novel in that it used commercially available activity track-
ers to measure early postpartum ambulation and to objec-
tively demonstrate the difference in ambulation between 
vaginal delivery and cesarean delivery during the first 24 h 
postpartum. Differences in ambulation were not limited 
to the 0 to 6-h interval, suggesting that mothers having 
a cesarean delivery continue to ambulate less than their 
vaginal-delivery counterparts for at least 1 day postdeliv-
ery, despite complete regression of spinal anesthesia. These 
differences may be inherent to the mode of delivery itself. 
For example, vaginal delivery is known to be more psycho-
logically tolerated compared to cesarean delivery36; it is also 
associated with better immediate maternal satisfaction,37 as 
well as shorter time to newborn38 interaction and care. In 
contrast, cesarean delivery may be associated with wound 
guarding and fear of activity-related pain. Additional fac-
tors such as insufficient hospital and staff resources to assist 
in ambulation, lack of communication,19 poor patient 
compliance,15 and presence of support persons with par-
turients have also been proposed as common barriers pre-
cluding early ambulation.

Both rest and dynamic pain severity scores, as well as 
the pain dimension of the QoR-15, suggested that vaginal 
delivery was associated with worse pain during the first 24 h 
postdelivery, although the difference reached statistical sig-
nificance at 2 h postdelivery only. Although the difference 
at 2 h may be due to residual spinal anesthesia affecting the 
cesarean-delivery group, the trend of worse pain in the vagi-
nal-delivery group may reflect a difference in uterine involu-
tion rates between vaginal delivery and cesarean delivery, as 
well as the analgesic effect of intrathecal morphine in the 
cesarean-delivery group. The minimal opioid consumption 
in both groups may signal opioid avoidance among lactating 
mothers, which reduces the clinical and research utility of 
this outcome measure in the postpartum population.

This study validated the use of the novel QoR-15 
tool22 in evaluating functional recovery in the postpar-
tum population. It is generally accepted that QoR should 
closely correlate with pain control.39 However, our cohort 
depicts two populations that had similar pain scores while 
maintaining clinically important differences in a well 

recognized measure of postoperative functional recovery. 
This observation may signal shortcomings of using pain 
scores and opioid consumption as the prime quality of 
care indicators in obstetric anesthesia and analgesia prac-
tice and underscores the growing role of functional recov-
ery measures. This may be explained partially by analgesic 
avoidance and underreporting of pain in the postpartum 
population.40 Notwithstanding the inconsistency between 
the QoR-15 scores and pain control, this finding invites 
a formal validation study of this scale in the postpartum 
population.

Enhanced functional recovery is becoming a prime suc-
cess indicator of modern perioperative healthcare, and partic-
ularly anesthetic interventions.41–44 To this end, quantifying 
ambulation for evaluative purposes presents challenges, 
because the traditional means of measuring ambulation have 
typically relied on self-reported activity by patients, which is 
characterized by low reliability and validity across the vari-
ous self-reporting tools.45–48 In addition, the dynamic and 
demanding nature of [our] inner city hospital makes it chal-
lenging for nurses and clinicians to actively monitor patients 
and ensure that early ambulation policies are being fully met. 
Activity trackers offer a simple, low-cost, low-burden, reli-
able way of measuring activity in real time. We found the 
wrist-worn trackers in specific to be well received by par-
turients because they did not interfere with activity, new-
born care, or even showering, a notable advantage over those 
clipped to clothing. Minimizing the time and effort spent 
on follow-up is another advantage of these trackers if used in 
anesthesia research.

The findings of our study are subject to several limita-
tions. First, the observational nature of our work supports 
conclusions about potential associations and not causal 
relationships, but this design is appropriate because ran-
domization into vaginal delivery versus cesarean delivery 
and blinding are not feasible. To help address this issue, 
we set an eligibility criteria aimed at limiting the influence 
of confounding factors that may favor a certain mode of 
delivery and simultaneously influence postpartum pain 
or ambulation. This also served to improve the compara-
bility of the study groups and reduce bias. Nonetheless, 
these exclusions per se may reduce the external validity 
(generalizability) of our findings. Second, it is impor-
tant to point out that there is no “gold standard” or ideal 
activity tracker device identified for measuring ambula-
tion and that most devices available have inherent limita-
tions.49 To that end, our findings may have been limited 
by potential errors in data collection and documentation. 
For example, interpreting upper extremity movement as 
actual ambulation is considered a drawback, to varying 
extents, in most commercially available wrist-worn activ-
ity trackers. The UP by Jawbone is among the least prone 
to such misinterpretation.49 Nonetheless, the impact of 
any residual inaccuracy is not expected to bias our find-
ings, because it introduces a systematic error that applies 
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to both groups. Third, certain factors, such as limiting 
recruitment to parturients delivering during regular work 
hours, may have introduced bias into our analysis. Some 
factors that may influence ambulation, such as the pres-
ence of a family member or support person, the nurse-to-
parturient ratio, postpartum dizziness or sedation, pain 
catastrophization, heaviness of lochia, time to commence 
breastfeeding, time to removal of venous infusion, and 
newborn health condition, were not examined due to lack 
of data. Additional factors that may also influence ambu-
lation but are specific to one population and not the other 
and thus could not be assessed include duration of spinal 
anesthesia (for cesarean delivery), duration of analgesia 
(or time to epidural catheter removal, for vaginal deliv-
ery), estimated surgical blood loss, and degree of vaginal 
tear. Fourth, limiting recruitment to uncomplicated first 
and second deliveries in a healthy population may further 
limit the generalizability of our findings. In addition, the 
findings may not necessarily apply to obstetric anesthesia 
practices where different analgesic regimens or ambula-
tion guidelines are used. Fifth, we did not distinguish 
between abdominal wall and visceral components of pain 
among cesarean-delivery patients. Because pain after vagi-
nal delivery is predominantly visceral, it would have been 
clinically insightful to compare this pain component in 
the two groups. Sixth, we did not specifically assess the 
sleep quality in our patients, but this important outcome 
was part of the physical comfort domain of the QoR-15. 
Finally, we are cognisant of the fact that the use of activity 
trackers in itself may have motivated ambulation among 
parturients and that our findings are applicable to the first 
postpartum day only and may not apply to ambulation 
beyond that time point.

In conclusion, our findings suggest that vaginal delivery 
is associated with better ambulation and enhanced func-
tional recovery during the first 24 h postdelivery compared 
to cesarean delivery, despite similarly effective postpartum 
analgesia. Importantly, this study provides evidence of the 
feasibility of using activity trackers to evaluate early postop-
erative ambulation and functional recovery in populations 
receiving neuraxial anesthesia and analgesia interventions. 
Further research is needed to confirm our findings and also 
to validate the use of activity trackers in the postpartum 
population.
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Appendix 1: Technical Details
Five activity trackers were used for data collection. Each 
tracker was labeled (i.e., T1, T2, T3, T4, and T5), and a 
separate email account and UP by Jawbone mobile applica-
tion account was created for each bracelet. Parturient data 
(i.e., sex, weight, height, date of birth) were entered before 
fitting the participants with fitness bracelets. Immediately 
after collection, the bracelets were synchronized to their cor-
responding UP Jawbone accounts through the UP smart-
phone application. The “number of steps” data within the 
24-h observation period were documented immediately 
after recollecting the bracelets to avoid registering the asses-
sor movement as steps. The mobile application interface per-
mits obtaining the number of steps taken in specific time 
intervals (see screen capture below). The bracelets were reset 
using a hard reset to clear previous tracking data for each 
new patient, as per the manufacturer’s suggestions.31
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Parameter Estimate

(95% CI)
Standard 

Error P Value

Predictor of interest
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cesarean)

+0.006 (0.001, 0.011) 0.0025 < 0.0001

Continuous predictors
 � Age (yr) −0.320 (−0.596, −0.044) 0.14 0.02
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 � Fetal weight (g) −0.200 (−0.397, −0.003) 0.10 0.04
Categorical predictors
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(yes/no)
−0.150 (−0.268, −0.032) 0.06 0.01

 � Parity (first baby/
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−0.400 (−0.795, −0.005) 0.2 0.046

The values are presented as parameter estimates (95% CI), standard 
errors.
BMI = body mass index.
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