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INTRODUCTION
In recent years, there has been an increased interest towards preterm born children without a 
neuro-developmental problem, and it has been tried to obtain data related to physical activ-
ity levels, pulmonary function and exercise capacity which could be risk factors for chronic 
diseases especially in the future.[1-3] In most of these studies, although in terms of physical 
activity levels, pulmonary functions and exercise capacity, the preterm born children lag be-
hind the term peers, studies evaluating the musculoskeletal system that are known to be 
associated with these parameters are only available in a limited number in the literature. In 
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addition, the majority of these studies include data about 
severely preterm born children.[4-5] Therefore, the present 
study aimed to evaluate the musculoskeletal system of the 
very and mild preterm born children and to compare them 
with their term born peers.

METHOD
This study performed at the Dokuz Eylul University Facul-
ty of Medicine Hospital (FMH) in the Neonatal Unit of the 
Department of Child Health and Diseases, the patient re-
cords were evaluated and the patients who were born be-
tween the dates January 1998 and April 2003, were 8-12 
years old during the study, whose contact information 
could be reached, and who volunteered to take part in the 
study, were included in the study. Twenty-two (5.0%) of 
the patients had died. One (0.2%) of the patients was diag-
nosed as having cancer in the subsequent years. Sixty-four 
(14.4%) of the patients alive had neurological problems 
and 12 (2.7%) of them had cardiac problems. The contact 
information could not be reached in 292 (65.8%) of the pa-
tients. Among the 53 (11.9%) patients with the contact in-
formation, while 12 (22.6%) of them refused to participate 
in the research. Eighteen (28.2%) the very preterm (VP) and 
23 (35.9%) mild preterm (MP) agreed to be enrolled in the 
research.

By taking the reached number of patients in to consider-
ation, the number of patients in the control group was de-
termined. The control group consisted of volunteers who 
were admitted to the Healthy Children Unit of the Dokuz 
Eylul University FMH Department of Child Health and Dis-
eases during the study. Three groups of children were in-
cluded in the study. The first group consisted of VP born 
children, the second group MP born children, and the third 
group healthy term born peers (According to gestational 
age at birth; VP: 28–31 weeks, MP: 32-36 weeks, Term: 37-
41 weeks).[6] Term-born children were included in to the 
study after having been evaluated by a specialist doctor 
of pediatrics. Children's demographic and clinical informa-
tion were recorded. In addition, the families of the children 
were asked whether the children were doing regular physi-
cal activity, and the answers were recorded. Skeletal mus-
cle mass (SMM), fat free mass (FFM), posture and physical 
fitness assessments were made.

Skeletal Muscle Mass and Fat Free Mass: SMM and FFM 
were determined by the bioelectrical impedance analysis 
method. During measurements, InBody 720 (Biospace 3.0 
Seoul, Korea) device was used.[7]

Posture: Observational posture analysis was performed us-
ing the form of Corbin et al. when people are in anatomical 
position, they are observed from lateral and posterior and 

posture states are scored.[8] Head tilt, excessive thoracic ky-
phosis, excessive lumbar lordosis, weakness of abdominal 
muscles, genu recurvatum, anterior balance and scoliosis 
symptoms (shoulder level and hip level inequalities, lateral 
curvature of the spine, gibbosity) are evaluated. Scoring is 
performed according to the severity of the observed pos-
tural disorders (0 = none, 1 = mild, 2 = moderate, 3 = se-
vere). The total posture score is calculated by summing the 
scores obtained from the lateral observation and the pos-
terior observation. The increase in the total score indicates 
that the posture has worsened.

Physical Fitness: Munich Physical Fitness Test (MPFT) is 
a well known and popular test to assess some aspects of 
physical fitness in children and adolescents aged from six 
to eighteen years in schools. The MPFT is easy to use and 
has a clear protocol which makes it possible to convert 
performance to anormative standard. With the objective 
scores, based on age and gender, a peer comparison and 
an interpretation of the motor performance can be done. 
MPFT consists of six tasks (ball bouncing, sandbag throw-
ing, bending, jumping, hanging and step climbing).[9] MPFT 
score is determined by comparing the obtained data with 
the normal values determined according to age and gen-
der. The higher the score, the higher the fitness level. The 
test manual can be downloaded from the website ‘‘http://
www.sportunterricht.de/mft/mft.pdf.’’[10]

Children with a history of metabolic or heart disease, rheu-
matic diseases, cerebral palsy, mental retardation, other 
major neurological problems, cancer, acute illness or infec-
tion (for at least six weeks), and children who were not co-
operating or volunteering to participate were excluded in 
this study.

For the statistical evaluation of the data of the study, SPSS 
17.0 statistical software program was used. Frequency, per-
centage, mean, standard deviation, median and interquar-
tile range (IQR) were used as descriptive statistics. Analyti-
cal methods (Kolmogorov-Smirnov and Shapiro-Wilk tests) 
and histogram distribution were used to test normality by 
comparing our data with a normal distribution with the 
same mean and standard deviation as our sample. A chi-
square test was used to examine the comparison of cate-
gorical data. When the data showed a normal distribution, 
One-Way ANOVA test was used to compare independent 
groups in the data obtained by continuous data. The vari-
ance homogeneity of the variables was evaluated by Lev-
ene test. For the post-hoc test selection, while Tamhane’s 
T2 was used to compare the non-homogeneous variables, 
it was analyzed by Bonferroni test regarding variance ho-
mogeneity. For the data without normal distribution, the 
Kruskal-Wallis H test was used. Afterwards, Bonferroni 
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correction was used for post-hoc analysis in meaningful 
groups. Results were considered statistically significant at 
p<0.05.

RESULTS
During the study, a total of 444 patient records were ob-
tained who were born between 28-36 gestational weeks. 
Eighteen (28.2%) VP, 23 (35.9%) MP and 23 (35.9%) term-
born children were included in this study. Eleven (61.1%) of 
children were male in the VP group, 14 (60.9%) of children 
were male in the MP group and 14 (60.9%) of children were 
male in the term group. Physical and clinical characteristics 
of the children are summarized in Table 1. 

In the postnatal period, 1 (5.6%) of the VP born was diag-

nosed as having grade-1 Bronchopulmonary Dysplasia. 
Two (11.1%) of the VP born patients and 3 (13.0%) of the 
MP born patients had a history of maternal smoking. Eight 
(44.4%) patients in the VP group, 17 (73.9%) in the MP 
group, and 13 (56.5%) in the term group were observed to 
perform activities such as cycling, walking, football, bas-
ketball, volleyball, tennis, swimming, karate, gym and folk 
dances regularly (p=0.150). Comparison of FFM and SMM 
between groups are shown in Table 2. Total posture score 
was 6.0 [3.5] in the VP group, 5.0 [5.0] in the MP group and 
4.0 [2.0] in the term group and the difference between VP 
and term group is significant (p=0.004). Comparison of 
posture analysis score between groups is shown in Table 
3. MPFT score was 44.0±6.3 in the VP group, 45.6±4.8 in the 

Table 1. Physical and clinical characteristics of the children

  VP Group (n=18) MP Group (n=23) Term Group (n=23) p

Age (years) 9.6±1.5 9.7±1.6 9.4±1.4 0.793

Height (cm) 136.2±14.2 142.1±12.4 139.1±11.5 0.335

Body weight (kg) 37.3±17.9 39.4±14.8 35.7±11.4 0.696

BMI (kg/m2) 18.6±4.7 18.9±4.4 18.1±4.0 0.817

Gestational age (weeks) 29.9±1.1 34.3±1.3 39.2±0.9 <0.001

Birth weight (g) 1310.3±227.6 2034.7±417.8 3451.7±312.5 <0.001

BMI: Body mass index; MP: Mild preterm; VP: Very preterm 

Values are expressed as mean±SD.

One-Way ANOVA Test. Between all groups post-hoc tests (Bonferroni).

Table 2. Comparison of fat free mass and skeletal muscle mass between groups

  VP Group (n=18) MP Group (n=23) Term Group (n=23) p

Fat free mass (kg) 23.3 [12.9] 27.0 [10.6] 27.6 [10.3] 0.511

Skeletal muscle mass (kg) 11.9 [7.5] 13.8 [6.2] 14.1 [6.3] 0.530

MP: Mild preterm; VP: Very preterm. 

Values are expressed as median[IQR]. 

Kruskal-Wallis H Test.

Table 3. Comparison of posture analysis score between groups

  VP group (n=18) MP group (n=23) Term group (n=23)  p*   p†

     All groups  VP vs. MP VP vs. Term  MP vs. Term

Lateral analysis score 4.5 [3.0] 4.0 [3.0] 2.0 [2.0] 0.014  1.000 0.016  0.111

Posterior analysis score 1.5 [1.3] 1.0 [2.0] 1.0 [2.0] 0.163  0.946 0.100  0.102

Total score 6.0 [3.5] 5.0 [5.0] 4.0 [2.0] 0.004  0.481 0.003  0.127

MP: Mild preterm; VP: Very preterm.

Values are expressed as median [IQR]. 
*Kruskal-Wallis H test, †Post-hoc tests (Bonferroni correction).
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MP group and 51.9±3.8 in the term group. The difference 
between VP and term groups and between MP and term 
groups is significant (p=0.001 and p=0.001, respectively). 
MPFT scores of three groups is shown in Table 4.

DISCUSSION
Based on the main results obtained from our study, it was 
found that VP and MP born children had a lower physical fit-
ness than the term peers and VP born children were found 
to have more postural disturbances than their term peers.

Skeletal Muscle Mass and Fat Free Mass: In most of the 
studies in the literature, severely preterm born children 
and/or preterm born children with a very low birth weight 
have been studied in terms of their growth during child-
hood and adulthood period, their body mass index, body 
fat weight and presence of obesity.[11-15] As well, there are 
also studies reporting a correlation between birth weight 
and lean body weight in later stages of life. Therefore, it is 
worth elaborating more about studies which classify the 
preterm born children and compare them afterwards with 
their term peers.[16-20]

There was a study that measured limb muscle area in pre-
term born children. In that study, limb muscle area of 102 

newborn with the mean chronological age of 28.5 days 
were measured by ultrasound. Among newborns that 
were classified according to the gestational weeks as 23-28 
weeks, 29-32 weeks, 33-36 weeks and 37-42 weeks, preterm 
born infants who were born between the 33-36 gestation 
weeks were found to have the lowest muscle area (5.4 cm², 
4.8 cm², 2.7 cm², 6.6 cm², respectively).[21] The muscle area 
measurement was not done in this study, but SMM was 
measured, and contrary to the aim of this study, although 
not statistically significant, it was found that MP group with 
a gestation age of 32-36 weeks had the maximum muscle 
mass.

Posture: There is no any study in the literature examining 
the postural status of school-age children or young adults 
with a history of preterm birth. Therefore, this study may 
contribute to the literature, since it includes data on pos-
tural status of preterm children. 

The postural alignment of VP group is significantly im-
paired with respect to term control group. In this study, 
the flexibility and muscle endurance evaluated in terms of 
physical fitness was significantly decreased in the VP group 
with respect to the term group, and this may have caused 

Table 4. Comparison of Munich Physical Fitness Test scores of three groups

  VP group (n=18) MP group (n=23) Term group (n=23)   p

     All groups VP vs. MP  VP vs. Term MP vs. Term

Ball bouncing (times) 37.5±10.5 41.5±11.5 41.7±11.1 0.420* 0.776‡  0.702‡ 1.000‡

Ball bouncing score 53.2±16.0 56.4±10.9 57.8±10.5 0.496* 1.000‡  0.731‡ 1.000‡

Sandbag throwing (total) 3.0 [7.3] 5.0 [7.0] 8.0 [7.0] 0.036† 1.000§  0.037§ 0.258§

Sandbag throwing score 39.7±9.2 42.7±11.0 49.9±10.6 0.008* 1.000‡  0.009‡ 0.068‡

Bending (cm) -10.5 [11.0] -9.0 [11.0] 2.0 [9.0] <0.001† 1.000§  0.001§ 0.003§

Bending score 36.9±8.5 37.8±8.7 48.3±9.9 <0.001* 1.000‡  0.001‡ 0.001‡

Jumping (cm) 17.7±5.3 18.6±5.4 21.4±6.8 0.118* 1.000‡  0.165‡ 0.346‡

Jumping score 40.1±8.4 41.0±8.7 45.4±10.8 0.153* 1.000‡  0.242‡ 0.360‡

Hanging (sec) 6.8 [12.0] 5.8 [6.0] 15.0 [15.0] <0.001† 1.000§  0.007§ 0.001§

Hanging score 41.3±15.1 43.5±7.8 55.1±8.7 <0.001* 1.000‡  <0.001‡ 0.001‡

Step climbing heart rate 5.5 [7.8] 6.0 [11.0] 1.0 [11.0] 0.039† 1.000§  0.352§ 0.036§

difference (beat/min)

Step climbing heart rate 53.1±7.4 50.9±5.7 55.3±4.7 0.048* 0.726‡  0.719‡ 0.042‡

difference score (beat/min)

MPFT score 44.0±6.3 45.6±4.8 51.9±3.8 <0.001* 0.916‡  <0.001‡ <0.001‡

MP: Mild preterm; MPFT; Munich physical fitness test; VP:Very preterm.

Values were expressed as mean±SD and median [IQR].
*One-Way ANOVA Test, and †Kruskal-Wallis H test.
‡After One-Way ANOVA, selection of post-hoc testswas made according to Levene's homogeneity test. If the variances were homogeneous Bonferroni, if not 
Tamhane's T2 was used.
§After Kruskal-Wallis H test, Bonferroni correction was used for post-hoc analysis.
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postural disorders more to be seen in the VP group. Tak-
ing the data obtained into consideration, in the adulthood 
of VP born children, the incidence of having low back and 
neck pain may be more than their term peers. Therefore, 
it would be useful to organize postural alignment training 
and individual workout programs for the VP born children.

Physical Fitness: Physical fitness is a concept related to 
health in general. A higher physical fitness is closely asso-
ciated with optimal growth and development, reduction 
of musculoskeletal problems, ensuring optimal posture, 
reducing the risk of having chronic diseases such as cor-
onary heart disease, hypertension and diabetes.[8, 22, 23] In 
the literature, regarding the studies evaluating the physi-
cal fitness of preterm infants who face with health prob-
lems since the beginning of life, and who are more at risk 
of having a chronic disease at an advanced age, Rogers’s 
and Svien’s work is remarkable. Rogers et al. showed that 
the anaerobic power which was evaluated by vertical jump, 
the muscle endurance which was evaluated by push-ups 
and partial curl-ups, and the flexibility which was evaluat-
ed by bending forward and popliteal angle measurement, 
decreased significantly in preterm born children with re-
spect to the term peers.[24] Similarly, Svien demonstrated 
that the flexibility which was evaluated by sit-and-reach 
test and joint laxity (the wrist joint, knee joint, the first and 
fifth metacarpophalangeal joint) and muscle strength and 
endurance which were evaluated by using the Bruininks-
Oseretsky Test of Motor Proficiency test battery, decreased 
significantly in the preterm born children with respect to 
the term peers.[25]

Unlike the above mentioned studies, MPFT was used in 
our study. MPFT which is used in physical fitness evalua-
tion of healthy and sick children, is a distinctive test by 
which the data obtained from the measurement can be 
compared with normal values as determined by age and 
sex.[2, 26] Similar to the above mentioned studies, the physi-
cal fitness of both the VP and the MP born school age chil-
dren were found to be decreased with respect to their term 
peers in this study. When the subscores of the MPFT were 
evaluated, it was seen that especially flexibility (bending), 
strength and coordination (sandbag throwing), endurance 
and strength (hanging) parameters were affected more sig-
nificantly. Flexibility is an important part of physical fitness. 
In our study, among the three groups, even though there 
was no difference in terms of age, gender, body weight, or 
body mass index, the flexibility was affected suggesting 
that flexibility might be affected due to internal factors af-
fecting the muscle flexibility. New researchs on muscle flex-
ibility, involving a larger number of preterm born subjects, 
could make the issue more lucid.

Despite the fact that the children included in the study had 
a similar physical activity habits, and that there was not a 
significant difference between the groups in terms of SMM, 
they still got lower scores in the sandbag throwing and 
hanging tests, suggesting that muscle endurance was af-
fected earlier than the muscle strength. This result suggests 
that preterm born children may have trouble in sustaining 
daily life activities and we need new studies evaluating 
muscle endurance and muscle morphology.

Our study had some limitations. Firstly, the sample of the 
study was selected from the patients registered in our unit 
for easy access. Therefore, our results were limited to the 
findings obtained from our unit. Secondly, although dual-
energy X-ray absorptiometry was a highly sensitive meth-
od for determining body composition, in our study the bio-
electrical impedance analysis was used to measure SMM 
and FFM for its ease of application, even though it was a 
less reliable method. 

CONCLUSION
The deterioration in postural alignment of VP born children 
is greater than that of term born peers. In addition, the 
physical fitness of VP and MP born children is worse than 
that of term born peers. This study suggests that postural 
alignment and physical fitness should be evaluated from 
the school age onwards to preserve the musculoskeletal 
health of preterm born children. And may be lays the foun-
dation for the preparation of preventive approaches and/
or individual specific exercise program since childhood.
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