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Abstract

Objective: To systematically evaluate the effectiveness of Skin-to-Skin Contact (SSC) in reducing

procedural pain in neonates, compared to standard care and other non-pharmacological

interventions.

Data Sources: A comprehensive search was conducted in major electronic databases and gray

literature up to July 2025. The review followed PRISMA and MECIR guidelines and included ran-

domized controlled trials (RCTs) that used validated neonatal pain scales. Risk of bias was

assessed using RoB 2.0, and the certainty of evidence was rated using the GRADE approach.

Summary of Findings: Twenty-nine RCTs involving 2995 neonates were included. SSC significantly

reduced procedural pain compared to standard care (SMD =�1.13; 95 % CI: �1.54 to �0.72;

p< 0.00001), although heterogeneity was high (I2 = 93 %). Subgroup analyses suggested that het-

erogeneity was partially due to differences in pain assessment timing and study design. Com-

pared to other interventions, SSC showed similar efficacy to carbohydrate solutions (SMD = 0.05;

95 % CI: �0.34 to 0.23), superior efficacy to swaddling (SMD =�0.86; 95 % CI: �1.38 to �0.34),

and inferior efficacy to breastfeeding (SMD = 0.44; 95 % CI: 0.21 to 0.66).

Conclusion: SSC is an effective intervention for reducing procedural pain in neonates, particu-

larly when compared to standard care and swaddling. However, its equivalence to carbohydrate

solutions and inferiority to breastfeeding should be interpreted with caution due to methodolog-

ical limitations and variability across studies. Further high-quality, large-scale RCTs are needed

to improve the certainty of the evidence and guide clinical practice.

© 2025 The Authors. Published by Elsevier España, S.L.U. on behalf of Sociedade Brasileira de

Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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1Introduction

2Skin-to-skin contact (SSC), also known as Kangaroo Mother
3Care, is defined as placing a diaper-clad newborn in an
4upright position directly against the bare chest of the
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5 caregiver, ensuring direct skin-to-skin contact. According to
6 the World Health Organization (2003), the infant is typically
7 placed naked except for a diaper and sometimes a cap, to
8 maximize skin contact and thermal regulation.1,2 This inter-
9 vention promotes warmth, bonding, and physiological regu-

10 lation through direct skin contact and multisensory
11 stimulation. SSC is widely endorsed for its role in enhancing
12 neonatal outcomes, particularly in preterm and low-birth-
13 weight infants.3�5

14 Emerging evidence suggests that SSC exerts analgesic
15 effects through multiple biological and physiological mecha-
16 nisms, including the regulation of cortisol and endogenous
17 opioid levels, stabilization of heart rate and respiratory pat-
18 terns, and modulation of behavioral states that reduce
19 stress.6 Additionally, SSC promotes autonomic balance and
20 supports the infant’s immature pain-inhibitory pathways by
21 minimizing sensory overload and encouraging parental pres-
22 ence during painful experiences.7 To maximize these analge-
23 sic benefits, SSC is generally recommended to be initiated as
24 early as possible, ideally immediately after birth or before a
25 painful procedure, and maintained continuously for a mini-
26 mum of 15 to 30min before and during the intervention, as
27 specified by the Brazilian Ministry of Health guidelines.2

28 Neonatal pain, long underestimated in clinical settings,
29 remains a critical ethical and therapeutic concern in Neona-
30 tal Intensive Care Units (NICUs). The assumption that neo-
31 nates, particularly preterm infants, have a diminished
32 capacity to perceive pain has been refuted by neurophysio-
33 logical and behavioral studies since the 1980s. Research by
34 Anand and Hickey (1987) 8 demonstrated that neonates pos-
35 sess the anatomical and functional capacity to perceive
36 nociceptive stimuli, though their immature inhibitory sys-
37 tems may amplify pain responses.9

38 In this context, the accurate assessment of neonatal pain
39 is essential. Although over 40 pain scales have been
40 described in the literature, only a few—such as the Neonatal
41 Infant Pain Scale (NIPS), Neonatal Facial Coding System
42 (NFCS), Premature Infant Pain Profile-Revised (PIPP-R), and
43 the Neonatal Pain, Agitation, and Sedation Scale (N-PASS)—
44 have been validated and widely adopted in clinical prac-
45 tice.9 These tools, however, require trained personnel and
46 careful interpretation due to the limited ability of neonates,
47 particularly preterms, to exhibit clear behavioral indicators
48 of pain.10

49 Although SSC has been increasingly integrated into neo-
50 natal care, the literature presents significant heterogeneity
51 in study designs, outcome measures, and intervention proto-
52 cols. Furthermore, most reviews to date have focused pri-
53 marily on comparisons between SSC and standard care or
54 placebo.11,12 Few have systematically examined how SSC
55 compares to other non-pharmacological interventions, such
56 as oral sucrose, breastfeeding, or swaddling—strategies
57 commonly used in clinical practice.11,13,14

58 This knowledge gap limits the ability to tailor evidence-
59 based pain management strategies to specific care settings.
60 This study aims to address that gap by conducting a system-
61 atic review and meta-analysis of randomized controlled tri-
62 als that compare SSC not only to standard care but also to
63 other validated non-pharmacological interventions.
64 The guiding question for this review is: In newborns

65 undergoing painful procedures, does skin-to-skin contact

66 reduce pain compared to standard care or other non-

67pharmacological interventions? Only studies employing vali-
68dated pain assessment tools were included.
69To enhance methodological transparency, the key ele-
70ments of the PICO framework for this review are as follows:
71the Population consists of neonates—both term and pre-
72term—undergoing clinically indicated painful procedures;
73the Intervention is SSC; the Comparators include standard
74care as well as other non-pharmacological methods (e.g.,
75oral sucrose, breastfeeding, swaddling); and the Outcome is
76pain, measured using validated neonatal pain assessment
77scales.

78Methods

79This systematic review was conducted in accordance with
80the Methodological Expectations of Cochrane Intervention
81Reviews (MECIR) and the PRISMA 2020 guidelines15 with a
82protocol registered in PROSPERO (CRD42024465002).

83Inclusion criteria

84Randomized clinical trials assessing pain intensity in new-
85borns of any gestational age using validated pain scales were
86included. There were no restrictions regarding language,
87publication status, or date.

88Primary outcome of interest

89The primary outcome was the intensity of neonatal pain,
90measured using validated behavioral and physiological pain
91assessment tools, including the PIPP, NIPS, NFCS, NPASS, and
92PICS scales.

93Search strategy

94The searches were conducted up to July 2025, across multi-
95ple databases, including PubMed, EMBASE, LILACS, SCOPUS,
96Web of Science, and the Cochrane Library. Additional sour-
97ces included gray literature (Google Scholar, ProQuest) and
98clinical trial registries (ClinicalTrials.gov). The reference
99lists of included studies were also screened for relevant
100articles. Detailed search strategies are provided in
101Appendix 1.

102Study selection and data extraction

103Two independent reviewers conducted the screening in two
104phases (title/abstract and full text) and extracted data
105using standardized spreadsheets. Discrepancies were
106resolved by consensus. The extracted variables included
107methodological characteristics, sample details, interven-
108tions, outcomes, and main conclusions.

109Assessment of risk of bias and certainty of the
110evidence

111Risk of bias was assessed using the RoB 2.0 tool, which con-
112siders five domains. The certainty of the evidence was sum-
113marized in the summary of findings tables according to the
114GRADE approach.16,17
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115 Measures of effect size

116 For continuous outcomes measured using different pain
117 scales across studies, the standardized mean difference
118 (SMD) with 95 % confidence intervals (CIs) was calculated.
119 The use of SMD allows for the combination of results from
120 studies employing different measurement instruments by
121 standardizing effect sizes on a uniform scale, facilitating
122 meaningful meta-analysis across heterogeneous outcomes.16

123 Units of analysis and methods of data synthesis

124 The unit of analysis was the individual. In studies with multi-
125 ple arms or multiple time points, the time point closest to
126 the pain-inducing stimulus was used for analysis.

127 Heterogeneity and publication bias

128 Heterogeneity was assessed using Cochran’s Q test and the I2

129 statistic, with interpretation based on the Cochrane Hand-
130 book guidelines. Publication bias was analyzed when ten or
131 more studies were available per comparison.16

132 Data synthesis and additional analyses

133 Meta-analyses were conducted using a random-effects
134 model with the inverse variance method in R (meta package)
135 and Revman 5.4.1. In the presence of substantial heteroge-
136 neity, subgroup analyses were performed based on gesta-
137 tional age, pain type, measurement scale, and pain
138 assessment timing. Sensitivity analyses were conducted by
139 excluding studies with a high risk of bias.

140 Results

141 Identification of studies

142 The search in the databases retrieved 8841 records. After
143 removing duplicates, the titles and abstracts of 5238 refer-
144 ences were reviewed. A total of 5142 references were
145 excluded for not meeting the eligibility criteria for this sys-
146 tematic review. Therefore, a full-text review was conducted
147 on ninety-six of the selected references. After the full-text
148 review, sixty-seven studies were excluded for reasons
149 described in Figure 1. As a result, a total of twenty-nine
150 studies were included, of which twenty-five were full-text
151 articles and four were reports, as illustrated in Figure 1
152 below.
153 All included studies had an appropriate methodological
154 design. The interventions analyzed involved SSC or the kan-
155 garoo method as the main intervention, with pain assess-
156 ment using validated scales. The studies covered neonatal
157 populations, both term and preterm, in different painful
158 procedures. The characteristics of the studies are presented
159 in Supplementary Table 1.

160 Risk of bias in the included studies

161 The risk of bias assessment for the 29 studies included in the
162 review,18�46 conducted using the RoB 2 tool, revealed signifi-
163 cant methodological variations across the analyzed domains.

164In the randomization domain, 69 % of the studies were con-
165sidered low risk,18�20,22,24,26,28�30,32,34�36,38,40�44,46 20.7 %
166raised some concerns, 23,25,31,33,39,45 and 10.3 % were classi-
167fied as high risk.21,27,37 Adherence to the protocol and the
168absence of outcome losses were consistent, with all studies
169classified as low risk in these domains.18�46 On the other
170hand, outcome measurement demonstrated methodological
171weaknesses, with only 51.7 % of studies classified as low risk
172

18�20,24,25,28,2934�36,38,43�46 and 48.3 % as high
173risk.21,23,24,26,27,30�33,37,39�42 The selection of reported out-
174comes also showed limitations, with 62.1 % of studies raising
175‘some concerns’.18�20,23,24,29,31,33�35,37�39,41,42,44�46 As a
176result, the overall risk of bias was classified as high in 48.3 %
177of studies,21,23,24,26,27,30�33,37,39�42 with only 13.8 % consid-
178ered low risk (Figure 2).22,28,36,43

179In the analysis by the comparator:

180� SSC vs. Control (n = 19): 63.2 % of the studies had low risk
181in randomization,18�20,22,24,28�30,32,35,36,44 but 42.1 %
182were at high risk for outcome measurement.21,23,24

183
30,32,33,37,39 Only 15.8 % of the studies were considered

184low risk overall (Supplementary Figure 1).22,28,36

185� SSC vs. Carbohydrate Solution (n = 9): While randomiza-
186tion was adequate in 77.8 % of the studies,22,30,34,42,43,46

187more than half (56.6 %) had high risk in outcome
188measurement,21,27,30,41 resulting in 56.6 % of studies
189showing high overall bias (Supplementary Figure
1902).21,27,30,41,42

191� SSC vs. Breastfeeding (n = 4): Three studies were classi-
192fied as having high overall risk (75 %),21,26,31 with the
193greatest weakness in outcome measurement (Supplemen-
194tary Figure 3).
195� SSC vs. Swaddling (n = 5): Despite proper randomization
196and no losses to follow-up, 60 % had high risk in outcome
197measurement,24,26,40 with 60 % of studies showing high
198overall bias (Supplementary Figure 4).24,26,40

199The high proportion of studies with a high risk of bias may
200be attributed to intrinsic characteristics of the intervention
201under investigation. SSC between mother and infant follow-
202ing birth, when compared to other forms of neonatal care,
203poses significant methodological challenges, particularly
204with respect to the blinding of participants and outcome
205assessors. Although blinding is technically feasible in certain
206contexts, many authors acknowledge this limitation, given
207that the intervention is visible and involves direct physical
208interaction, thereby complicating the implementation of
209effective masking strategies. Additionally, ethical and oper-
210ational constraints often preclude complete blinding, which
211may have adversely impacted the domains of outcome mea-
212surement and outcome selection, contributing to the overall
213risk of bias observed across the studies.

214Effect of the interventions

215Skin-to-Skin Contact Versus Control for Procedural Pain in

216Newborns

217The meta-analysis of 19 studies (n = 1602) showed a significant
218reduction in neonatal pain with SSC compared to control
219(SMD =�1.13; 95 % CI: �1.54 to �0.72; p< 0.00001). Hetero-
220geneity was high (I2 = 93 %), reflecting substantial variability
221across studies. Among the included trials, Dezhdar et al.25
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222 (SMD =�3.73), Wang et al.44 (SMD =�2.60), Kapoor et al.30

223 (SMD =�2.52), and Liao et al.33 (SMD =�2.11) reported the
224 largest analgesic effects. These pronounced differences under-
225 score the relevance of conducting subgroup analyses to iden-
226 tify clinical or methodological factors influencing treatment
227 outcomes (Figure 3).

228Subgroup Analysis of Skin-to-Skin Contact versus Control

229for Procedural Pain in Newborns

230The analysis by gestational age did not identify statistically
231significant differences, indicating that the analgesic effect
232of SSC was consistent between term and preterm newborns
233(Supplementary Figure 5).

Figure 2 Overall risk of bias (RoB 2) summary: assessment of skin-to-skin contact for procedural pain in newborns.

Figure 1 Flowchart of the study selection process.
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234 Regarding the type of pain, SSC was significantly effective
235 across different procedures, although the magnitude of the
236 effect varied according to the stimulus (Supplementary
237 Figure 6).
238 The type of pain assessment scale did not significantly
239 influence the results, suggesting that the analgesic effect of
240 SSC was robust regardless of the instrument used (Supple-
241 mentary Figure 7).
242 In contrast, the timing of pain assessment influenced the
243 observed effect, with more pronounced analgesic responses
244 when pain was evaluated during or immediately after the
245 procedure (Supplementary Figure 8).

246 Skin-to-Skin Contact versus Carbohydrate Solution for

247 Procedural Pain in Newborns

248 The meta-analysis of nine randomized controlled trials
249 (n = 919) that compared SSC with carbohydrate solution
250 (CHO) showed no statistically significant difference between
251 interventions regarding neonatal pain reduction (SMD = 0.05;
252 95 % CI: 0.34 to 0.23; p = 0.71). The heterogeneity was con-
253 sidered substantial (I2 = 76 %), indicating relevant variability
254 among the included studies (Figure 4).

255 Subgroup Analysis of Skin-to-Skin Contact versus

256 Carbohydrate Solution for Procedural Pain in Newborns

257 The analysis by gestational age showed no statistically signif-
258 icant differences between term and preterm newborns,

259although there was a trend toward greater benefit from SSC
260in preterm infants (Supplementary Figure 9).
261In the analysis by type of pain, no significant differences
262were observed between SSC and CHO for heel lance or veni-
263puncture. A superior effect of SSC was identified only in vac-
264cination procedures (Supplementary Figure 10).
265The analysis by pain assessment scale revealed relevant
266variations. Only the study using the NPASS scale demonstrated
267a significant benefit of CHO. The interaction test was statisti-
268cally significant, suggesting that the type of scale may influ-
269ence the estimated effect size (Supplementary Figure 11).
270Regarding the timing of pain assessment, SSC was effec-
271tive only at 5 min post-procedure, with no consistent differ-
272ences observed at other time points (Supplementary
273Figure 12).

274Skin-to-Skin Contact versus Breastfeeding for Procedural

275Pain in Newborns

276The meta-analysis comparing SSC with breastfeeding
277included four studies (n = 313), showing a significant effect
278favoring breastfeeding (SMD = 0.44; 95 % CI: 0.21 to 0.66;
279p = 0.0001). Heterogeneity was absent (I2 = 0 %), indicating
280high consistency across studies in terms of effect size and
281direction. Given the lack of variability, subgroup analyses
282were not necessary, as the findings appear robust and unaf-
283fected by potential effect modifiers (Figure 5).

Figure 3 Meta-analysis: skin-to-skin contact versus control for procedural pain in newborns.

Figure 4 Meta-analysis skin-to-skin contact versus carbohydrate solution for procedural pain in newborns.
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284 Skin-to-skin contact versus Swaddling for Procedural Pain

285 in Newborns

286 The meta-analysis comparing SSC and Swaddling included
287 five studies with 184 neonates per group. The overall effect
288 significantly favored SSC (SMD =�0.86; 95 % CI: �1.38 to
289 �0.34; p = 0.0011), indicating superior pain reduction.
290 Despite substantial heterogeneity (I2 = 83.4 %), the direction
291 of effect was consistently favorable to SSC, notably in stud-
292 ies by Patel and Pandita 38,40 (Figure 6).

293 Subgroup Analysis of Skin-to-Skin Contact versus

294 Swaddling for Procedural Pain in Newborns.

295 In the analysis by gestational age, SSC significantly reduced
296 pain in full-term newborns but not in preterm infants. There
297 was no significant subgroup interaction (Supplementary
298 Figure 13).
299 Regarding the type of pain, SSC was more effective than
300 swaddling for pain associated with vaccination, venipunc-
301 ture, and vitamin administration. No significant difference
302 was observed for procedures involving peripheral vascular
303 access. The magnitude of the effect varied according to the
304 type of painful stimulus (Supplementary Figure 14).
305 The analysis by pain assessment scale showed consistent
306 analgesic effects of SSC when measured with both the NIPS
307 and PIPP scales. While heterogeneity was high in studies
308 using NIPS and absent in those using PIPP, no statistically sig-
309 nificant difference was detected between subgroups, sug-
310 gesting robustness of the intervention regardless of the
311 instrument applied (Supplementary Figure 15).
312 In relation to the timing of pain assessment, a greater
313 analgesic effect was observed when pain was measured

3145min after the procedure. Effects were less pronounced or
315non-significant at earlier time points, indicating that timing
316significantly influenced the estimated effectiveness of SSC
317(Supplementary Figure 16).

318Skin-to-Skin Contact versus Non-Nutritive Sucking for

319Procedural Pain in Newborns

320Although planned in the protocol, the meta-analysis compar-
321ing SSC with Non-Nutritive Sucking (NNS) could not be con-
322ducted due to the inclusion of only one eligible study. This
323trial favored non-nutritive sucking, but the absence of addi-
324tional randomized data precluded quantitative synthesis
325(Figure 7).

326Publication bias analysis

327For the comparison between SSC and control, potential pub-
328lication bias was evaluated using funnel plot asymmetry,
329Egger’s test, and a trim-and-fill analysis. Visual inspection of
330the funnel plot suggested asymmetry, indicating underre-
331porting of studies unfavorable to KC. Egger’s test confirmed
332significant asymmetry (t =�3.99; p = 0.0009), suggesting
333overestimation of effect sizes in smaller studies (Figure 8).
334The Duval and Tweedie trim-and-fill method imputed six
335potentially missing studies, resulting in an adjusted effect
336size of SMD =�0.48 (95 % CI: �1.09 to 0.13; p = 0.12), a non-
337significant result, contrasting with the original pooled esti-
338mate. Heterogeneity remained high (I2 = 95.6 %), reinforcing
339the need for cautious interpretation.
340For other comparisons, bias assessments were not con-
341ducted due to the inclusion of fewer than ten studies per

Figure 5 Meta-analysis: skin-to-skin contact versus breastfeeding for procedural pain in newborns.

Figure 6 Meta-analysis: skin-to-skin contact versus swaddling for procedural pain in newborns.

Figure 7 Meta-analysis: KC versus non-nutrictive sucking for procedural pain in newborns.
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342 outcome, consistent with methodological recommendations
343 to avoid low-powered analyses.

344 Summary of findings

345 SSC significantly reduced procedural pain in newborns com-
346 pared to standard care, though the evidence is of low cer-
347 tainty. Its efficacy was comparable to CHOs (very low
348 certainty), inferior to breastfeeding (moderate certainty),
349 and superior to swaddling (moderate certainty).
350 A detailed Summary of Findings table, including effect
351 estimates, number of participants, and GRADE ratings, is
352 provided in the Supplementary Material.

353 Discussion

354 This review extends previous work, such as Johnston et al.
355 (2014),47 by incorporating comprehensive subgroup analyses
356 that examine the efficacy of SSC according to different types
357 of painful stimuli, gestational age groups, pain assessment
358 scales, and timing of pain measurement. These detailed
359 analyses provide a more nuanced understanding of SSC’s
360 analgesic effects across varied clinical contexts, enhancing
361 the practical applicability of the findings. By directly com-
362 paring SSC with multiple non-pharmacological interventions,
363 this study offers critical insights to inform tailored pain man-
364 agement strategies in neonatal care.
365 This systematic review and meta-analysis included
366 twenty-nine randomized controlled trials that evaluated the
367 efficacy of SSC in pain control during painful clinical proce-
368 dures in neonates. Compared to routine care or absence of
369 intervention, SSC demonstrated significant efficacy in reduc-
370 ing neonatal pain (SMD = 1.13; 95 % CI: 1.54 to 0.72;
371 p< 0.00001). While SMDs are a statistical approach to stan-
372 dardize effects across different pain scales, their clinical
373 interpretation can be informed by established thresholds:
374 values around 0.2 are considered small, 0.5 moderate, and
375 0.8 large, according to Cohen’s benchmarks.16 Thus, the
376 observed SMD in the review represents a large and clinically
377 meaningful effect size. It should be noted, however, that no

378universal minimal clinically important difference (MCID) has
379been formally defined for neonatal pain scales.
380There was high heterogeneity among the studies
381(I2 = 93 %), indicating considerable variability of results. The
382analysis of subgroups by gestational age did not identify sta-
383tistically significant differences; SSC showed consistent
384favorable effects in term and premature newborns. Addi-
385tional analyses by type of pain, scale used, and time of mea-
386surement suggest that SSC is most effective during or
387immediately after the painful procedure.
388While SSC and CHOs demonstrated similar effectiveness
389(SMD = 0.05; 95 % CI: 0.34 to �0.23; p = 0.71), breastfeeding
390was superior to SSC (SMD = 0.44; 95 % CI: 0.21 to 0.66;
391p = 0.0001), and SSC was significantly more effective than
392swaddling (SMD = 0.86; 95 % CI: 1.38 to 0.34; p = 0.0011).
393These head-to-head comparisons provide valuable insight
394into the relative efficacy of common non-pharmacological
395pain interventions in neonatal care, a dimension rarely
396addressed in previous reviews.

397Limitations

398This review has several limitations that should be considered
399when interpreting the findings.
400-Study Design and Risk of Bias: Although all included stud-
401ies were randomized controlled trials, many presented a
402high risk of bias, primarily due to the inherent challenges in
403blinding skin-to-skin contact interventions. This issue partic-
404ularly affected the measurement of outcomes.
405-Participants and Sample Size: The included studies
406involved both term and preterm neonates. However, most
407had small sample sizes (fewer than 50 participants per
408group), limiting statistical power and reducing the precision
409of effect estimates.
410-Intervention Protocols and Comparisons: There was sig-
411nificant heterogeneity in the application of interventions
412and control conditions. While SSC was compared to various
413non-pharmacological strategies (e.g., sucrose, breastfeed-
414ing, swaddling), inconsistencies in how these were delivered
415across studies contributed to variability in the results.

Figure 8 Funnel plot skin-to-skin contact versus control for procedural pain in newborns.
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416 -Pain Assessment Tools: Although all studies used vali-
417 dated neonatal pain scales, the diversity of instruments
418 (e.g., PIPP, NIPS, NFCS, N-PASS) introduced inconsistency
419 and hindered direct comparability.
420 Certainty of Evidence: Using the GRADE approach, the
421 certainty of evidence ranged from moderate to very low.
422 This was due to a combination of high risk of bias, small sam-
423 ple sizes, wide confidence intervals, and substantial hetero-
424 geneity. Publication bias was also evident.
425 Review Process: Despite adherence to rigorous methodo-
426 logical standards (MECIR and PRISMA) and an extensive
427 search strategy, the possibility of missing relevant studies,
428 particularly from grey literature, cannot be excluded.
429 Agreements and disagreements with other studies or
430 reviews
431 The present results largely agree with previous reviews,
432 such as that of Johnston et al. (2014),47 confirming the over-
433 all effectiveness of SSC in relieving neonatal pain. However,
434 this review expanded the scope to include additional com-
435 parisons (CHOs, Breastfeeding and Swaddling) and detailed
436 analyses by subgroups, highlighting important differences in
437 the relative efficacy of SSC against other non-pharmacologi-
438 cal interventions, especially compared to breastfeeding.

439 Practical implications

440 The findings of this review support the integration of SSC as a
441 standard non-pharmacological strategy for procedural pain
442 management in various clinical settings. In Neonatal Inten-
443 sive Care Units (NICUs), SSC can be implemented during rou-
444 tine procedures such as heel lancing, venipuncture, or
445 vaccinations, offering a simple, low-cost, and humanizing
446 approach that requires minimal equipment and training. In
447 delivery rooms, SSC immediately after birth not only pro-
448 motes bonding and physiological stabilization but also pro-
449 vides an effective method to alleviate pain associated with
450 early interventions like vitamin K administration or blood
451 sampling. The widespread applicability of SSC across these
452 settings highlights its potential to improve neonatal out-
453 comes and enhance the quality of care in both high- and
454 low-resource environments.

455 Conclusions

456 SSC is effective in reducing procedural pain in neonates, par-
457 ticularly when compared to standard care and swaddling.
458 However, its analgesic effect appears comparable to that of
459 carbohydrate solutions and inferior to breastfeeding. These
460 findings suggest that SSC should be considered a core compo-
461 nent of non-pharmacological pain management, especially
462 in settings where breastfeeding is not immediately feasible.
463 Given its simplicity, safety, and accessibility, SSC can be
464 effectively implemented in both NICUs and outpatient set-
465 tings. In clinical practice, combining SSC with other strate-
466 gies—such as sucrose administration or non-nutritive
467 sucking—may offer enhanced analgesic benefits. For
468 instance, SSC combined with oral sucrose could be particu-
469 larly valuable during short procedures like heel sticks or
470 venipuncture in preterm infants, while SSC with breastfeed-
471 ing may be ideal during vaccinations or blood draws in full-
472 term neonates. To support broader implementation, clinical

473protocols should adapt SSC-based pain management accord-
474ing to available resources, type of procedure, and infant
475maturity. Future high-quality trials are needed to validate
476these combinations and optimize their application across
477diverse care environments. A practical decision framework
478or summary table differentiating recommendations by clini-
479cal setting (e.g., NICU vs. outpatient) may further enhance
480bedside usability.
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