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Abstract
Background: Preterm infants have a low level of bone mineralization compared to those born at term, since 80% of calcium incorporation occurs
at the end of pregnancy. The purpose of the present study was to investigate the effect of re�ex locomotion therapy on bone modeling and
growth in preterm infants and to compare its effect with those of other Physiotherapy modalities.

Methods: A multicentre randomized controlled clinical trial was conducted (02/2016 – 07/2020). 106 preterm infants born at the Virgen de la
Arrixaca University Clinical Hospital, the General University Hospital of Elche and the Torrecárdenas Hospital in Almería, between 29 and 34
weeks with hemodynamic stability, complete enteral nutrition and without any metabolic, congenital, genetic, neurological or respiratory disorders
were evaluated for inclusion. Infants were randomly assigned to three groups: one group received re�ex locomotion therapy (EGrlt); another group
received passive mobilizations with gentle joint compression (EGpmc); and the control group received massage (CG). All treatments were carried
out in the neonatal units lasting one month. The main outcome measure was bone formation and resorption measured with bone biomarkers. A
mixed ANOVA was used to compare the results of bone biomarkers, and anthropometric measurements.

Results: Infants were randomized to EGrlt (n = 38), EGpmc (n = 32), and CG (n = 36). All groups were similar in terms of gender (p = 0.891 female
47.2%), gestational age (M = 30.753, SD = 1.878, p = 0.39) and birth weight (M = 1413.45, SD = 347.36, p = 0.157). At the end of the study,
signi�cant differences were found between the groups in their interaction in bone formation, measured with osteocalcin [F (2,35) = 4.92, p =
0.013, ηp

2 = 0.043], in bene�t of the EGrlt.

Conclusions: Re�ex locomotion therapy has been effective in improving bone formation, more so than other Physiotherapy modalities. Therefore,
re�ex locomotion therapy could be considered one of the most effective physiotherapeutic modalities for the prevention and treatment of
osteopenia of prematurity

Trial registrstion: Trial retrospectively registered at ClinicalTrials.gov. First posted on 22/04/2020. Registration number: NCT04356807. URL:
https://clinicaltrials.gov/ct2/show/NCT04356807?cond=Physical+Therapy+to+Prevent+Osteopenia+in+Preterm+Infants&draw=2&rank=1

1.- Background
Osteopenia of prematurity is a multifactorial pathogenic entity, of progressive course, that presents a variable severity and is characterized by
bone demineralization1.

Bone is a dynamic tissue in continuous resorption and formation, involving the formation of new bone, mediated by osteoblasts, and the
resorption of old bone, which is carried out by osteoclasts. The amount of bone mass depends on the balance between these two activities, that
is, it depends on the rate of bone turnover2. In normal homeostasis, bone metabolism is in balance to maintain the mass and microstructure of
the skeleton.

The frequency with which the bone surface is activated will determine the number of remodeling zones present in the bone, so the sum of all the
remodeling activity throughout the skeleton can be evaluated by measuring the biochemical markers of the bone remodeling in serum or urine3.
In contrast, bone mass measurements and radiographs provide a static picture of a speci�c skeletal region4.

In this sense, biochemical markers of bone resorption and formation can provide an idea of the mechanical effects of tactile and kinesthetic
stimulation on bone development; and although serum is di�cult to collect from preterm infants, many biomarkers can also be detected in urine,
which is easier to obtain. Furthermore, in a study on postnatal bone mineralization, they concluded that the osteopenia observed in preterm
infants is caused by increased bone resorption, measured in urine, and not by decreased bone formation5.

For this reason, it is important to remember that the resorption process is faster than the formation process, and consequently any increase in the
remodeling cycle leads to a loss of bone mass. Thus, in theory, if the bone remodeling cycle is coupled, both an increase in a resorption marker or
a decrease in a formation marker could predict future loss of bone mass.

In this sense, the most speci�c and sensitive resorption markers are the N-telopeptides of the collagen bonds (NTx) and the C-telopeptides of the
collagen bonds (Beta-CTx). Likewise, its increased levels, regardless of bone mineral density, are predictors of fracture risk6. Regarding the
formation markers, the most sensitive are bone-speci�c alkaline phosphatase (BSAP), osteocalcin (OC), and carboxyl-terminal collagen type I
propeptides (PINP)2.

In relation to preterm infants, mineralization is much lower than the expected intrauterine bone mineralization, clinical characteristics are
nonspeci�c and often appear as a late symptom5. In addition, these poor mineralization rates are maintained in children and young adults born
prematurely7, a situation that leads, in the long term, to a reduction in maximum bone mass, weaker bones, shorter stature, and an increased risk
of fracture compared with those born at term8.

https://clinicaltrials.gov/ct2/show/NCT04356807?cond=Physical+Therapy+to+Prevent+Osteopenia+in+Preterm+Infants&draw=2&rank=1
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In this sense, it has been shown that mechanical stress is one of the most stimulating factors of bone formation and growth, increasing bone
mass in children, adolescents and adults9.

Based on these �ndings, re�ex locomotion therapy (RLT)10 may be an appropriate method to generate involuntary activity, developing active-
resistive movement in the population of preterm infants.

RLT consists in the activation of innate locomotion patterns, through proprioceptive stimuli that produce a response from the central nervous
system (CNS). To trigger these patterns, we must place the baby in a certain posture and apply �nger pressure to speci�c areas or points11–13 to
generate proprioceptive stimuli of the periosteal and muscle stretching type. The response to these stimuli consists of a series of synergistic
muscular contractions, which involve the whole body, and which trigger speci�c, active and involuntary movement patterns in the child11–13.

2.- Methods

2.1.- Study design
The aim of the present study was to verify preterm infants’ improvement in bone formation and resorption in response to a physiotherapy
intervention program with RLT, and to compare it with another physiotherapeutic procedure that has proven to be effective in the treatment of
osteopenia in the preterm infant.

A multicenter randomized prospective clinical trial, carried out in the neonatology services of the Virgen de la Arrixaca Clinical University Hospital
(HUCVA), the Torrecárdenas Hospital of Almería (HTA) and the General University Hospital of Elche (HGUE); from February 2016 to July 2020.
This trial included 101 preterm infants divided into three intervention groups: two treatment and one control. This study was approved by the
HUCVA, HGUE and HTA clinical research ethics committee and all the procedures stipulated in the Helsinki declaration were carried out14.
Likewise, the CONSORT recommendations were followed for the preparation and writing of randomized clinical trial15. This study has been
registered with ClinicalTrials.gov with identi�cation number: NCT04356807.

2.2.- Subjects
Preterm infants admitted to the neonatal units of the HUCVA, HGUE and HTA hospitals, and born between 26 to 34 weeks of gestational age,
hemodynamically stable and with complete enteral nutrition, whose parents or guardians signed an informed consent authorizing the
participation of the baby in this study.

Babies presenting neurological disorders, mechanical ventilation, bronchopulmonary dysplasia, congenital malformations, metabolic diseases,
genetic diseases, grade 3-4 intraventricular hemorrhage, as well as those who were taking diuretic or corticosteroid medication, and those who
had bone fractures at the time of inclusion, were excluded.

2.3.- Interventions
The participants in this study were divided into three groups, which received different Physiotherapy treatments, along with the standard nursing
care.

Control group (CG), was given limb and core massage, with gentle deep pressures and caresses; lasting 15 minutes a day in a single
Physiotherapy session, 5 days per week, for 4 weeks; considering it a placebo since this intervention has no in�uence on bone mineralization16–

21.

Experimental group (EGpmc), with passive movements with gentle joint compression (PMC), described by Moyer-Mileur, et al.22 and with the
adaptations of Vignochi, et al.23 in a 15 minutes Physiotherapy session, 5 days per week for 4 weeks. These mobilizations consist of �exion and
extension movements in all the joints of both the upper and lower extremities and ending with chest movements following the baby's respiratory
pace.

Experimental group (EGrlt), with RLT according to the procedures used by other authors10–12, for 16 minutes divided into two Physiotherapy
sessions of 8 minutes each, 5 days per week for 4 weeks. The exercises corresponding to the motor complexes of the 1st phase of re�ex rolling
and the re�ex creeping were performed, spending one minute on each side and performing two repetitions per session.

For the 1st phase of re�ex rolling, the child is placed in dorsal decubitus, with the head turned to one side at an angle of 30º, the spine as aligned
as possible, and limbs relaxed. The physiotherapist makes gentle pressure with his thumb, at the point of intersection of the mammillary line with
the diaphragm, between the 6th-7th intercostal space, in the hemithorax on the side towards which the head rotates, with a dorsal-medial-cranial
direction, while resisting with the other hand the turning of the head towards the other side10,11,13.
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For re�ex creeping, the child is placed proned, passively bringing the head to axial neck extension at 30 degrees of rotation. The upper limb, on
the side to which the head is turned, is placed in a position of shoulder �exion between 120 degrees and 135 degrees, with 30 degrees of
abduction, leaving the epitrochlea supported; the wrist is aligned with the shoulder, the forearm rests on the palmar face, and the longitudinal axis
of the humerus points towards the vertex of the lumbosacral hinge. The opposite arm is placed relaxed parallel towards the longitudinal axis of
the body.

The leg on the side to which the child's head is turned to, rests extended and relaxed. The other leg is placed with the hip in external rotation and
abduction, leaving the support on the internal condyle of the femur, the knee slightly �exed, and the heel aligned with the ischium. The stimulation
is carried out, with the index �nger of one hand, on the lateral tuberosity of the calcaneus, in the ventral-cranial-medial direction of the leg
opposite to the side to which the head is turned, and with the index �nger of the other hand, on the epitrochlea of the arm towards which the head
is turned, in a dorsal-medial-cranial direction12.

One physiotherapist (always the same) per hospital, in all cases with more than �ve years of experience, was in charge of performing the
treatments. The participants of the three groups were evaluated under the same conditions.

2.4.- Outcomes
In this trial, we have studied bone formation, bone resorption, and anthropometric measurements of weight, height, and head circumference.

In order to measure bone formation and resorption, we have used serum and urine biomarkers, respectively, to reveal analytical data on the rate of
bone formation and its metabolism24. Speci�cally, in bone formation we use OC markers, as it is one of the most sensitive markers of bone
formation2. Among the existing resorption biomarkers, we speci�cally use the N-Tx in urine (NTx-urine), the NTx in serum (NTx-serum) and the
Beta-CTx, since they are the most sensitive and speci�c markers for the measurement of this quality2,6.

In order to analyze the anthropometry, measurements of weight, height and head circumference were collected. Body weight was measured with
a digital scale without clothing, height was measured as the distance from head to heel with a non-elastic tape, and the head circumference as
the cephalic contour at its widest part, between the eyebrows and the occiput, also measured with a non-elastic band.

Urine biomarker tests were performed one day before starting the sessions, two weeks after, and at the end of treatment. Serum biomarkers were
performed only one day before starting the sessions and once again at the end of the treatment. Serum biomarkers, during the hospitalization
period, were always taken according to blood collection guidelines already ordered by their doctor. For ethical reasons, in no case were blood
samples taken exclusively for the purposes of this study. The extraction was carried out by the nursing staff, who were masked for the purposes
of the present study and did not know which group the participants belonged to. Anthropometric measures were taken from one day before the
start of the treatment to one day after �nishing it, collecting them in alternating days, in agreement with the nursing protocol, and were carried out
by said staff. For our analysis, we used those that coincided with the day the urine was collected, and failing that, the last measurement
performed before that day.

The Z score was calculated for birth weight and for weight, height and head circumference at the different measurement moments, following the
2013 Fenton growth charts for this purpose25,26.

2.5.- Sample size
We calculated the sample size using the f2 statistic with Cohen's criteria, using an f2 value between moderate and low of 0.15, which is between
0.10 (Low) and 0.25 (moderate). We assume a signi�cance level of 5% and statistical power of 80% with three levels for each of the intra and
inter group factors. In this way, a total sample size of 93 participants was projected, at a rate of 31 patients per group. The statistical program
used was G*Power 3.1.9.227. We use this method because there are no previous studies with 3 groups28.

Assuming possible deviations from these premises, we opted for a sample of 33 patients per group. As the present study requires three treatment
groups, the �nal sample size was was of 99 participants, who, distributed among the three hospitals, would give us a sample of 33 babies per
hospital. Each hospital would then have an equal number of 11 patients per treatment group.

2.6.- Randomisation
The groups were formed by simple randomization. The randomization procedure was the same for each hospital and consisted of mixed labels
within a sealed, opaque envelope. These labels contained an assignment number for each group. Each time a new participant was proposed, a
person outside the research randomly drew a number and performed the assignment. For ethical reasons, identical twins, non-identical twins, and
triplets were assigned to the same group.

2.7.- Blinding
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All the personnel who carried out the measurement tests are external to the study and were blinded to the intervention group to which the patients
belonged. Likewise, participants, family, and data analysts were also blinded. The physiotherapists who carried out the treatments were blinded
against the objectives of the study.

2.8.- Statistical methods
The computerized statistical package "R", version 4.0.3 (R Core Team 2020)29 was used to perform all data analyzes.

The participants’ qualitative baseline gender characteristics were compared using a contingency table and a Chi square test was performed for
their analysis; while for the characteristics of gestational age at birth, weight at birth, birth weight Z score, and weight, height, head circumference,
anthropometric Z scores and urine and serum biomarkers a one-factor analysis of variance was performed. On the other hand, a mixed analysis
of variance (ANOVA) was carried out to compare the effect of the intervention on anthropometric measures of weight, height and head
circumference, anthropometric Z scores and for urine and serum biomarkers. In those cases where the homoscedasticity assumption was not
met, a robust mixed ANOVA was carried out. Bonferroni was used to adjust the 95% con�dence intervals (95%CI).

An intention-to-treat statistical analysis was performed. Statistical signi�cance was stipulated with a p<0.05. For the effect size, the eta squared
(η2) was calculated, which will be considered high when its value is >0.14, moderate when its value is between 0.14 and 0.06 and small when its
value is between 0.06 and 0.0130. Data are presented as mean ± standard deviation.

3.- Results

3.1.- Participants
116 preterm infants admitted to the three hospitals (52 preterm infants admitted to HUCVA; 25 in the HGUE; and 39 in the HTA) were selected to
be included in the study from February 2016 to July 2020 (Figure 1). From these, 10 were ruled out due to exclusion criteria prior to achieving
complete enteral nutrition or at the time of randomization. In the HUCVA, 6 patients were ruled out: one of them developed grade IV
intraventricular hemorrhage, two developed necrotizing enterocolitis that required surgical intervention, and three of them were on mechanical
ventilation at the time of acquiring full enteral nutrition. In the HGUE, 3 patients were ruled out: one due to exitus, another due to hospital transfer
and the last due to generating a grade III intraventricular hemorrhage. In HTA, one was ruled out due to necrotizing enterocolitis. Thus, the total
number of participants resulted in 106 patients, 46 in the HUCVA, 22 in the HGUE and 38 in the HT. After randomization, 38 were assigned to EGrlt,
32 to EGpmc, and 36 to CG.

The last measurement could not be performed in 17 of the 106 preterm infants who started the study, as they were discharged before the end of
the 4 weeks of treatment: 11 from HUCVA (4 from EGrlt, 4 from EGpmc and 3 from CG), 1 from HGUE (EGrlt) and 5 from HTA (3 from EGrlt, 1 from
EGpmc and 1 from CG). Since the statistical analysis was done by intention-to-treat, the values of the last measurement taken were used for the
�nal measurement in those cases where these data were missing.

The three groups’ participants’ characteristics were similar in gender (p = 0.891, female 47.2%), gestational age (M = 30.753, SD = 1.878, p =
0.39), birth weight (M = 1413.45, SD = 347.36, p = 0.157) and birth weight Z score (M=-0.27; SD=0.84; p=0.469), thus forming a group of large
preterm infants with very low birth weight. Neither were there differences in height (M = 42.018, SD = 2.164, p = 0.052) nor head circumference (M
= 28.471, SD = 3.998, p = 0.147) at the time of initiating the intervention. The groups were similar in terms of NTx-urine (M = 4756.665, SD =
2124.473, p = 0.164), NTx-serum (M = 472.65, SD = 103.057, p = 0.598), Beta-CTx (M = 0.874, SD = 0.284, p = 0.864) resorption biomarkers; and
OC formation biomarker (M = 72.032, SD = 31.4, p = 0.614) at the beginning of the intervention.

In contrast, signi�cant differences were found in terms of weight (M = 1655.076, SD = 277.63, p = 0.022) at the time of initiating the interventions;
the weight data of the EGpmc being higher than the EGrlt (Table 1).

3.2.- Intervention effect on bone biomarkers
When performing the biochemical analysis, there were 4 cases in which the blood and urine samples were too small to perform the tests with the
biochemical reagents and 6 cases in which the test failed and the samples were lost. Therefore, the sample analyzed for the biochemical
variables was EGrlt = 31, EGpmc = 31, CG = 34.

3.2.1.- Bone resorption biomarkers
NTx-urine

Regarding the NTx-urine biomarkers, when making the comparison with the group, we observe no signi�cant differences in terms of the values
obtained at the different measurement times [F (2,184) = 1.429, p = 0.242, η2 = 0.007], the values obtained by the different groups [F (2,92) =
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1.936, p = 0.15, η2 = 0.022] and in the interaction of the variable in the different groups [F (4,184) = 0.547, p = 0.701, η2 = 0.005 ] (Figure 2, Table
2).

NTx-serum

In the case of the NTx-serum biomarkers, when making the comparison with the group, we also observe that there are no signi�cant differences in
terms of the values obtained at the different measurement times [F (1,36) = 2.277, p = 0.14, η2 = 0.011], the values obtained by the different
groups [F (2,36) = 0.006, p = 0.993, η2 < 0.001] and the interaction of the variable in the different groups [F (2,36) = 2.404, p = 0.105, η2 = 0.023]
(Figure 2, Table 2).

Beta-CTx

Regarding the Beta-CTx biomarkers, once again we observe no differences in terms of the values obtained at the different measurement times [F
(1,35) = 0.121, p = 0.73, η2 < 0.001], the values obtained by the different groups [F (2,35) = 0.852, p = 0.435, η2 = 0.034] and the interaction of the
variable in the different groups [F (2,35) = 0.712, p = 0.497, η2 = 0.011] (Figure 2, Table 2).

3.2.2.- Bone formation biomarkers
OC

In the OC biomarkers, when making the comparison with the group, we observe that there are signi�cant differences in terms of the values
obtained at the different times of measurement [F (1,35) = 27.84, p <0.001, η2 = 0.114], and the interaction of the variable in the different groups
[F (2,35) = 4.92, p = 0.013, η2 = 0.043]; but not in the values obtained by the different groups [F (2,35) = 0.198, p = 0.821, η2 = 0.009].

On the one hand, we observe that between the �rst and the last measurement, the EGrlt (p <0.001; 95% CI = 24.44 to 51.93) and the EGpmc (p =
0.16; 95% CI = 3.74 to 34.75) signi�cantly evolve, but not the CG (p = 0.266; 95% CI = -6.32 to 22.21).

On the other hand, the results show that there are signi�cant differences between the groups, regarding how they evolve at the different times of
OC measurement, as shown in the Figure 3, we can see that the group with a better evolution is the EGrlt, and the group with the worst evolution is
the CG (Figure 3, Table 2).

3.3.- Intervention effect on anthropometric outcomes
Weight

When comparing the weight with that of the group, we observe that there are signi�cant differences in terms of the values obtained at the
different measuring times [F (2,116) = 512.772, p <0.001, η2 = 0.548, observed power = 0.64], and the group [F (2,58) = 4.245, p = 0.019, η2 = 
0.112]; but not in the interaction [F (4,116) = 2.351, p = 0.078, η2 = 0.011, observed power = 0.64].

Thus, when making the pairwise comparison between the groups and the different measuring times, the results show a sustained signi�cant
difference between the EGtrl and the EGpmc in favor of the latter in each of the measures (Table 3), but since no differences are found in the
interaction, we can state that all groups evolved similarly (Figure 4).

In contrast, all the groups’ weight measurements evolved signi�cantly in each of their weight measurements, compared to the previous time
measured.

Height

When comparing the height with respect to the group, we observe that there are signi�cant differences in terms of the values obtained at the
different measuring times [F (2,23.547) = 65.606, p <0.001, η2 = 0.339], and in the interaction of the variable in the different groups [F (4,19.384) =
3.855, p = 0.018, η2 = 0.027]; but not in the values obtained by the different groups [F (2,19.651) = 1.445, p = 0.26, η2 = 0.339].

As with the OC variable, there are signi�cant differences in terms of interaction, so we must look at Figure 4 to see that the group presenting a
better evolution with respect to the other groups ,is the EGrlt, while CG is the one with the worst evolution.

Just as with the weight, all groups increased their height signi�cantly at the different measuring times, compared to their previous measurement.

Head circumference
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When comparing the head circumference with the group, we observe signi�cant differences in terms of the values obtained at the different
measuring times [F (2,82) = 37.904, p <0.001, η2 = 0.38, observed power = 0.285], and the group [F (2,41) = 5.375, p = 0.008, η2 = 0.081]; but not
regarding the interaction [F (4,82) = 1.276, p = 0.291, η2 = 0.04, observed power = 0.285].

When doing the pairwise comparison, the EGpmc starts from position of advantage, close to signi�cant, with respect to the EGrlt (p = 0.056); this
situation no longer occurs throughout the remaining measurements between any of the groups (Table 3). Furthermore, since there are no
differences in terms of interaction, we can say that all groups evolve equally in their increase of head circumference (Figure 4).

Finally, regarding the separate evolution of the groups, they all evolve signi�cantly in their respective measurements compared to their previous
ones.

Regarding the Z scores, no differences are observed in terms of the interaction of these variables on the group with respect to weight [F (4,204) =
0.995, p = 0.399, η2 = 0.019], height [F (4,204) = 1.037, p = 0.361, η2 = 0.02] and head circumference [F (4,204) = 0.477, p = 0.635, η2 = 0.009].

3.4.- Harms
No adverse effects were detected in the participants as a consequence of the different interventions.

4.- Discussion

4.1.- Limitations
One of the limitations that we can extract from our study is the lack of long-term follow-up of the main variables, to determine if the effect of the
intervention is maintained over time. Another limitation is related to the heterogeneity of the preterm population in terms of their risk factors, since
this fact could in�uence the results obtained.

4.2.- Generalisability
Due to the characteristics of the sample on which the intervention has been carried out, the results indicate that treatment with RLT has a positive
effect, increasing bone formation in healthy preterm infants. For that reason, it could be considered one of the best treatments for the
improvement of bone remodeling in this population.

4.3.- Interpretation
The aim of this research was to verify the effect of RLT, understood as active-resistive mobilizations, on bone formation, bone resorption and
growth in preterm infants, and to compare its effect with other passive Physiotherapy modalities.

Firstly, it should be noted that although we initially considered a sample of 99 premature babies distributed in groups of 33 participants per
hospital, in the end, the sample consisted of 106 participants, 46 from HUCVA, 22 from HGUE and 38 from HTA. This difference is due to the lack
of availability of participants in the HGUE, thus in order to complete the study within the stipulated deadlines, it was agreed that the HUCVA (with
greater availability) would increase its sample to compensate that of the HGUE.

After the results’ analysis, we observed that RLT has a signi�cant positive effect, with low effect size, on bone formation and bone growth in
preterm infants; which may have a positive effect on osteopenia in this population.

In this sense, if we focus on the resorption variables, we can state that the intervention model has no effect on bone resorption, although, in
appearance, if we observe the interaction graphs (Figure 3), the group with the highest resorption is the Egrlt. This fact can be considered positive,
since we know that resorption is necessary to increase bone formation and to have correct bone remodeling31. This aspect is related to bone
formation data, since EGrlt is the group that best evolves with respect to the other groups.

These results are in agreement with those found by Sezer Efe, et al.32, who do not �nd signi�cant differences between the control group and the
intervention group to which they applied PMC in their bone formation variables. Other authors �nd differences in their training variables between
the control group and the group treated with PMC17,19,20,33, but the biomarkers they use in their studies are not the most sensitive and the sample
used in their trials is smaller than the one in this study. Currently, the most sensitive biomarkers of bone formation are OC biomarkers, carboxy-
terminal propeptides, and bone-speci�c alkaline phosphatase biomarkers2. Nevertheless, for this study, we did not use carboxyterminal
propeptide biomarkers because type I collagen also appears in tissues other than bone, and this limits its use in the study of metabolic and bone
pathology34. Neither did we use those of bone alkaline phosphatase, since when performing this test in preterm infants, the placental isoenzyme
may show an error in its values35.
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Furthermore, our results are also in line with those of other authors who observe the effect of PMC on bone resorption. El-Farrash, et al. 36 found
no differences in favor of the group treated with PMC in the variable of Beta-CTx; in fact, only 316,21,37 of the studies found that used the
resorption variables found signi�cant differences in favor of the group treated with PMC. Nevertheless, these authors use ICTP and Dpd
measurements, and we currently know that the most sensitive biomarkers for the detection of changes in resorption are the telopeptide forms
Beta-CTx in serum and NTx in urine6.

In the CG, the results show, as we expected, that massage and tactile stimulation has no effect on bone remodeling. In this sense, other authors
reach the same conclusions17,20,38.

Regarding the anthropometric variables, it could be thought that since the RLT is a treatment where infants perform an active-resistive exercise,
this could produce an adverse effect in terms of weight gain compared to passive therapies; however, the intervention does not appear to have an
effect on weight. Even though the group that best evolves is the CG treated with massage as a placebo, and although the positive effect of
massage on weight gain in preterm infants has already been observed39, it does not evolve in a signi�cant way compared to the other groups;
meaning that they all evolve similarly. Thus, the intervention modality does not appear to have an effect on weight.

In the other anthropometric variables, we observe that the RLT has a positive and signi�cant effect on height. Furthermore, this effect was not
observed in the group treated with PMC compared to CG treated with massage, as has been shown by other authors who did not observe this
difference either19,32. In this sense, Litmanovitz, et al.21 remains the only author to have found signi�cant differences in favor of the PMC
compared to caresses and tactile stimulation in height and head circumference.

In the head circumference variable, signi�cant differences are found between the groups, but later, when doing the Post-hoc and the pairwise
comparison, this no longer occurs. This is due to the fact that a Bonferroni correction is made; consisting of a very strong correction avoiding
type II error, which is why these differences are no longer observed and only a difference is found close to a statistical signi�cance, with a
moderate effect size, between EGpmc and EGrlt at the start of the intervention in favor of the �rst group. These differences diminish in the
following evaluations, so that we may say that the EGrlt’s evolution is more favorable, even if not signi�cantly so, since it started from a position
of disadvantage.

5.- Conclusions
We may conclude that RLT is an effective treatment for increasing bone formation and growth in preterm infants. This fact may have a positive
effect on the prevention of osteopenia in this population. Furthermore, RLT has been shown to be more effective than other Physical Therapy
modalities such as PMC and massage in improving bone formation and growth.

It would be advisable to carry out long-term follow-up studies, where the evolution of these children in early childhood and adolescence would be
observed.
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PMC: passive movements with gentle compression

RLT: Re�ex locomotion therapy

7.- Declarations
7.1.- Ethical approval and consent to participate

This study was approved by the HUCVA, HGUE and HTA clinical research ethics committee and all the procedures stipulated in the Helsinki
declaration were carried out. In addition, parents or guardians signed an informed consent authorizing the participation of their baby in this study

7.2.- Consent for publication

Not applicable

7.3.- Availability of data and materials

All data generated or analysed during this study are included in this published article.

7.4.- Competing interests

The authors declare that they have no competing interests

7.5.- Funding

This study has not received any funding source.

7.6.- Authors’ contributions

GTF, FJFR and AGC conceived developed and designed the study, coordinated the work for all the hospitals, carried out the experiment in the
HUCVA and wrote this study. GTF, FJFR, AGC, JPP and MMSJ supervised the �ndings of this work and collaborated in the analysis and
interpretation of the results. JPP coordinated the work at the HGUE and MMSJ coordinated it at the HTA. JJAA selected the patients for the study
at the HUCVA. MJFB selected the patients for the study at the HGUE and RJL and MRP selected the patients for the study in the HTA. JJAA, RJL
and MJFB monitored the medical conditions of the patients at their respective hospitals. JJAA, RJL, MJFB, and MRP assisted in the design and
interpretation of the data. All authors revised and approved the �nal manuscript and agreed to be responsible of all the aspects of this work, to
guarantee that matters related to precision and integrity of any of the parts of this work is investigated and resolved adequately.

7.7.- Acknowledgements

The authors thank the excellent and dedicated nursing staff and medical staff of the Neonatal Intensive Care Units of the HCUVA, HGUE and HTA
for their support and assistance, as well as the staff of the biochemistry laboratories from the different hospitals, especially the HUCVA for
performing the analysis of the samples from all the hospitals.

7.8.- Registration

Trial retrospectively registered at ClinicalTrials.gov. First posted on 22/04/2020. Registration number: NCT04356807. URL:
https://clinicaltrials.gov/ct2/show/NCT04356807?cond=Physical+Therapy+to+Prevent+Osteopenia+in+Preterm+Infants&draw=2&rank=1

7.9.- Protocol

The full trial protocol can be found at ClinicalTrials.gov

8.- References

https://clinicaltrials.gov/ct2/show/NCT04356807?cond=Physical+Therapy+to+Prevent+Osteopenia+in+Preterm+Infants&draw=2&rank=1


Page 10/16

1. Litmanovitz I, Dol�n T, Regev R, et al. Bone turnover markers and bone strength during the �rst weeks of life in very low birth weight
premature infants. J Perinat Med. 2004;32(1):58-61. doi:10.1515/JPM.2004.010

2. Romero Barco CM, Manrique Arija S, Rodríguez Pérez M. Biochemical markers in osteoporosis: usefulness in clinical practice. Reumatol Clin.
2012;8(3):149-152. doi:10.1016/j.reuma.2011.05.010

3. Seibel MJ. Biochemical markers of bone turnover part II: clinical applications in the management of osteoporosis. Clin Biochem Rev.
2006;27(3):123-138.

4. Ramón AM, Espuelas CF, Calmarza PC, Gracia SR, Del Cacho MJO. Risk factors and biochemical markers in metabolic bone disease of
premature newborns. Rev Chil Pediatr. 2017;88(4):487-494. doi:10.4067/S0370-41062017000400007

5. Beyers N, Alheit B, Taljaard JF, Hall JM, Hough SF. High turnover osteopenia in preterm babies. Bone. 1994;15(1):5-13. doi:10.1016/8756-
3282(94)90884-2

�. Garnero P. The Utility of Biomarkers in Osteoporosis Management. Mol Diagn Ther. 2017;21(4):401-418. doi:10.1007/s40291-017-0272-1

7. Fewtrell MS, Williams JE, Singhal A, Murgatroyd PR, Fuller N, Lucas A. Early diet and peak bone mass: 20 year follow-up of a randomized
trial of early diet in infants born preterm. Bone. 2009;45(1):142-149. doi:10.1016/j.bone.2009.03.657

�. Engan M, Vollsæter M, Øymar K, et al. Comparison of physical activity and body composition in a cohort of children born extremely preterm
or with extremely low birth weight to matched term-born controls: a follow-up study. BMJ Paediatr open. 2019;3(1):e000481.
doi:10.1136/bmjpo-2019-000481

9. Slemenda C, Miller J. Role of physical activity in the development of skeletal mass in children. J Bone Miner Res. 1991;6(11):1227-1233.
doi:https://doi.org/10.1002/jbmr.5650061113

10. Giannantonio C, Papacci P, Ciarniello R, et al. Chest physiotherapy in preterm infants with lung diseases. Ital J Pediatr. 2010;36(1):65.
doi:10.1186/1824-7288-36-65; 10.1186/1824-7288-36-65

11. El-shaarawy MK, Rahman SAA, Fakher M, El A, Salah WM. Effect of rolling on oxygen saturation and incubation period in preterm neonates
with respiratory distress syndrome. Int J Dev Res. 2017;07(01):11319-11323.

12. Sanz-Esteban I, Calvo-Lobo C, Ríos-Lago M, Álvarez-Linera J, Muñoz-García D, Rodríguez-Sanz D. Mapping the human brain during a speci�c
Vojta’s tactile input: The ipsilateral putamen’s role. J Neuroeng Rehabil. 2018;97(13):1-9. doi:10.1097/MD.0000000000010253

13. Sanz-Esteban I, Cano-de-la-cuerda R, San-Martín-Gómez A, et al. Cortical activity during sensorial tactile stimulation in healthy adults through
Vojta therapy . A randomized pilot controlled trial. J Neuroeng Rehabil. 2021;18(13):1-13. doi:10.1186/s12984-021-00824-4

14. World Medical Association. World Medical Association Declaration of Helsinki. JAMA. 2013;310(20):2191. doi:10.1001/jama.2013.281053

15. Moher D, Hopewell S, Schulz KF, et al. CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel group
randomised trials. BMJ. 2010;340. doi:10.1136/bmj.c869

1�. Nemet D, Dol�n T, Litmanowitz I, Shainkin-Kestenbaum R, Lis M, Eliakim A. Evidence for exercise-induced bone formation in premature
infants. Int J Sports Med. 2002;23(2):82-85. doi:10.1055/s-2002-20134

17. Eliakim A, Dol�n T, Weiss E, Shainkin-Kestenbaum R, Lis M, Nemet D. The effects of exercise on body weight and circulating leptin in
premature infants. J Perinatol. 2002;22(7):550-554. doi:10.1038/sj.jp.7210788

1�. Massaro AN, Hammad TA, Jazzo B, Aly H. Massage with kinesthetic stimulation improves weight gain in preterm infants. J Perinatol.
2009;29(5):352-357. doi:10.1038/jp.2008.230

19. Moyer-Mileur LJ, Ball SD, Brunstetter VL, Chan GM. Maternal-administered physical activity enhances bone mineral acquisition in premature
very low birth weight infants. J Perinatol. 2008;28(6):432-437. doi:10.1038/jp.2008.17

20. Moyer-Mileur LJ, Brunstetter V, McNaught TP, Gill G, Chan GM. Daily physical activity program increases bone mineralization and growth in
preterm very low birth weight infants. Pediatrics. 2000;106(5):1088-1092.

21. Litmanovitz I, Dol�n T, Friedland O, et al. Early Physical Activity Intervention Prevents Decrease of Bone Strength in Very Low Birth Weight
Infants. Pediatrics. 2003;112(1):15-19. doi:10.1542/peds.112.1.15

22. Moyer-Mileur LJ, Luetkemeier M, Boomer L, Chan GM. Effect of physical activity on bone mineralization in premature infants. J Pediatr.
1995;127(4):620-625.

23. Vignochi CM, Miura E, Canani LHS. Effects of motor physical therapy on bone mineralization in premature infants: a randomized controlled
study. J Perinatol. 2008;28(9):624-631. doi:10.1038/jp.2008.60

24. Molina FC. Marcadores Bioquímicos de Remodelado Óseo. Rev Metab oseo y Miner. 2003;1(3):91-98.

25. Chou JH, Roumiantsev S, Singh R. PediTools electronic growth chart calculators: Applications in clinical care, research, and quality
improvement. J Med Internet Res. 2020;22(1). doi:10.2196/16204

2�. Fenton TR, Kim JH. A systematic review and meta-analysis to revise the Fenton growth chart for preterm infants. BMC Pediatr. 2013;13:59.
doi:10.1186/1471-2431-13-59



Page 11/16

27. Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression analyses. Behav
Res Methods. 2009;41(4):1149-1160. doi:10.3758/BRM.41.4.1149

2�. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Academic Press; 1977.

29. R Core Team. R: A language and environment for statistical computing. 2020. https://www.r-project.org/.

30. Cárdenas Castro JM. Potencia estadística y cálculo del tamaño del efecto en G*Power: complementos a las pruebas de signi�cación
estadística y su aplicación en psicología. Salud Soc. 2014;5(2):210-244. doi:10.22199/s07187475.2014.0002.00006

31. Appelman-Dijkstra NM, Papapoulos SE. Modulating Bone Resorption and Bone Formation in Opposite Directions in the Treatment of
Postmenopausal Osteoporosis. Drugs. 2015;75(10):1049-1058. doi:10.1007/s40265-015-0417-7

32. Sezer Efe Y, Erdem E, Prof TG. The effect of daily exercise program on bone mineral density and cortisol level in preterm infants with very low
birth weight: A randomized controlled trial. J Pediatr Nurs. 2019;51:6-12. doi:10.1016/j.pedn.2019.05.021

33. Chen H-L, Lee C-L, Tseng H-I, Yang S-N, Yang R-C, Jao H-C. Assisted exercise improves bone strength in very low birthweight infants by bone
quantitative ultrasound. J Paediatr Child Health. 2010;46(11):653-659. doi:10.1111/j.1440-1754.2010.01822.x

34. Reynaga Montecinos B, Zeni SN. Marcadores bioquímicos del remodelamiento óseo: Utilidad clínica. Acta bioquímica clínica Latinoam.
2009;43(2):177-193.

35. Sharma U, Pal D, Prasad R. Alkaline phosphatase: An overview. Indian J Clin Biochem. 2014;29(3):269-278. doi:10.1007/s12291-013-0408-y

3�. El-Farrash R, Abo-Seif I, El-Zohiery A, Hamed G, Abulfadl R. Passive Range-of-Motion Exercise and Bone Mineralization in Preterm Infants: A
Randomized Controlled Trial. Am J Perinatol. 2019. doi:10.1055/s-0039-1678559

37. Vignochi CM, Silveira RC, Miura E, Canani LHS, Procianoy RS. Physical therapy reduces bone resorption and increases bone formation in
preterm infants. Am J Perinatol. 2012;29(8):573-578. doi:10.1055/s-0032-1310520

3�. Aita M, Clifford-Faugère G De, Lavallée A, et al. Effectiveness of Interventions on Early Neurodevelopment of Preterm Infants: A Systematic
Review and Meta-Analysis. BMC Pediatr. 2020;21(1):210. doi:10.1186/s12887-021-02559-6.

39. Pados BF, McGlothen-Bell K. Bene�ts of Infant Massage for Infants and Parents in the NICU. Nurs Womens Health. 2019;23(3):265-271.
doi:10.1016/j.nwh.2019.03.004

Tables
Table 1

Participants characteristics

  EGrlt (n = 38) EGpmc (n = 32) CG (n = 36)

Gestational age (weeks) 30.44±1.96 31.04±1.82 30.82±1.83

Birth weight (g) 1350.39±352.92 1503.88±373.85 1399.64±307.44

Birth weight Z score -0.31±0.78 -0.14±1.01 -0.34±0.74

Gender (female) 19 (50%) 15 (46.9%) 16 (44.4%)

Weight at the beginning of the intervention (g)* 1611.47±202.75 1768.22±387.24* 1600.53±195.27

Height at the beginning of the intervention (cm) 41.38±1.67 42.77±2.83 42.1±1.8

Head circumference at the beginning of the intervention (cm) 27.5±4.44 29.46±3.99 28.46±3.78

NTx-urine 4266.11±1441.48 5409.33±2724.29 4604.38±1918.98

NTx-serum 457.01±109.59 473.38±95.84 487.71±107.05

Beta-CTx 0.79±0.21 0.95±0.31 0.91±0.32

OC 61.56±28.11 78.1±34.44 78.18±31.51

*p<0.05 for differences between groups. CG = Control Group. EGpmc = Experimental group treated with passive mobilizations with gentle joint
compression. EGrlt = Experimental group treated with re�ex locomotion therapy. NTx: N-Telopeptides of collagen bonds. Beta-CTx: C-
telopeptides of collagen bonds. OC: Osteocalcin. Data is presented as Mean±SD
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Table 2
Effect of the different interventions in the biochemical outcomes.

  EGrlt
(n = 31)

EGpmc
(n = 31)

CG
(n = 34)

Pairwise
comparation

Mean
differences

CI95%

Lower
bound

Upper
bound

NTx-
urine

Pre-
treatment

1608.06±29.73 1599.64±29.3 1605.6±25.62 EGrlt=EGpmc -1143.2 -2250.5 -35.92

EGrlt=CG -338.3 -1190.6 514.06

EGpmc=CG 804.9 -366.7 1976.65

2 weeks 1594.18±23.47 1580±20.67 1572.87±15.99 EGrlt=EGpmc -397.3 -2077 1283

EGrlt=CG 527.3 -610 1665

EGpmc=CG 924.5 -720 2569

Post-
treatment

1592.53±21.2 1572.93±16.51 1565.87±16.32 EGrlt=EGpmc -458.8 -2219.4 1302

EGrlt=CG 752.9 -510.5 2016

EGpmc=CG 1211.7 -399 2822

NTx-
serum

Pre-
treatment

1588.59±247.23 1965.14±449.32 1653.6±138.23 EGrlt=EGpmc -16.37 -102.92 70.18

EGrlt=CG -30.7 -114.86 53.46

EGpmc=CG -14.33 -99.62 70.96

Post-
treatment

2302.94±331.11 2726.07±510.05 2598.07±396.25 EGrlt=EGpmc 14.9 -62.73 92.53

EGrlt=CG 36.44 -33.22 106.1

EGpmc=CG 21.54 -47.39 90.47

Beta-
CTx

Pre-
treatment

41.37±1.99 43.96±2.99 42.9±1.2 EGrlt=EGpmc -0.16 -0.379 0.059

EGrlt=CG -0.122 -0.335 0.091

EGpmc=CG 0.038 -0.231 0.306

Post-
treatment

45.85±2.69 47.18±2.84 46.53±2.05 EGrlt=EGpmc -0.065 -0.233 0.103

EGrlt=CG -0.006 -0.183 0.172

EGpmc=CG 0.059 -0.146 0.265

OC Pre-
treatment

29.06±1.22 30.71±1.73 29.6±1.14 EGrlt=EGpmc -16.543 -42.4 9.312

EGrlt=CG -16.62 -40.25 7.013

EGpmc=CG -0.077 -28.01 27.853

Post-
treatment

32.06±1.34 33.43±1.79 32.1±2.87 EGrlt=EGpmc 2.397 -26.86 31.66

EGrlt=CG 13.62 -10.06 37.3

EGpmc=CG 11.222 -14.71 37.15

*p<0.05 for differences between groups. CG = Control Group. EGpmc = Experimental group treated with passive mobilizations with gentle joint
compression. EGrlt = Experimental group treated with re�ex locomotion therapy. CI95% = 95% Con�dence Interval. NTx: N-Telopeptides of
collagen bonds. Beta-CTx: C-telopeptides of collagen bonds. OC: Osteocalcin Data is presented as Mean±SD.
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Table 3
Effect of the different interventions in the anthropometric outcomes.

  EGrlt
(n = 38)

EGpmc
(n = 32)

CG
(n = 36)

Pairwise
comparation

Mean
differences

CI95%

Lower
bound

Upper
bound

Weight (g) Pre-
treatment

1611.47±202.74 1768.22±387.25 1600.53±195.27 EGrlt<EGpmc* -230.65 -408.96 -52.35

EGrlt=CG -71.84 -200.55 56.86

EGpmc=CG 158.81 -31.84 349.46

2 weeks 1979.69±239.06 2218.26±450.18 2082.4±295.36 EGrlt<EGpmc* -304.7 -541.86 -67.51

EGrlt=CG -119.4 -288.54 49.8

EGpmc=CG 185.3 -69.85 440.49

Post-
treatment

2356.0±281.36 2644.46±444.24 2587.37±444.65 EGrlt<EGpmc* -329.55 -561 -98.09

EGrlt=CG -270.53 -502.7 -38.4

EGpmc=CG 59.02 -222.9 340.9

Height (cm) Pre-
treatment

41.38±1.68 42.77±2.83 42.1±1.81 EGrlt=EGpmc -3 -5 -1

EGrlt=CG -1 -2 1

EGpmc=CG 2 0 4

2 weeks 43.67±2.74 44.72±2.58 44.32±2.4 EGrlt=EGpmc -1.471 -3.276 0.335

EGrlt=CG -0.092 -2.13 1.946

EGpmc=CG 1.379 -0.34 3.097

Post-
treatment

46.19±2.3 46.5±2.5 46.0±3.06 EGrlt=EGpmc -0.559 -2.218 1.1

EGrlt=CG -0.029 -1.899 1.84

EGpmc=CG 0.529 -1.471 2.53

Head
circumference
(cm)

Pre-
treatment

27.5±4.44 29.46±3.99 28.46±3.78 EGrlt<EGpmc** -5.052 -9.443 -0.661

EGrlt=CG -3.052 -7.439 1.335

EGpmc=CG 2 -1.665 5.665

2 weeks 30.7±1.14 31.77±1.6 30.84±2.07 EGrlt=EGpmc
EGrlt=CG
EGpmc=CG

-1.219
-0.718
0.5

-2.525
-2.117
-0.821

0.087
0.679
1.821

Post-
treatment

32.19±1.45 33.69±3.0 33.34±1.8 EGrlt=EGpmc
EGrlt=CG
EGpmc=CG

-1.448
-1.135
0.313

-3.467
-2.406
-1.56

0.572
0.135
2.185

*p<0.05 for differences between groups. **pseudosigni�cant differences. CG = Control Group. EGpmc = Experimental group treated with
passive mobilizations with gentle joint compression. EGrlt = Experimental group treated with re�ex locomotion therapy. CI95% = 95%
Con�dence Interval. Data is presented as Mean±SD.
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Figure 1

Participants �ow diagram

Figure 2
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Interaction of the bone resorption outcomes in the different groups

Figure 3

OC interaction regarding the group.
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Figure 4

Interaction of the anthropometric outcomes in the different groups
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