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Abstract
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Pectus excavatum (PE) is the most common deformity among anterior chest wall abnormalities. Although many theories on the pathogenesis of PE have been
described, the uncertainty is still going on whether it is a result of developmental, biochemical, or biomechanical reasons or their combination. The aim of this
study was to evaluate the biochemical parameters that may cause or be associated with the development of PE between children with PE and their healthy peers.

A total of 33 patients' medical records were retrospectively analyzed who followed up because of pectus excavatum between 2019 and 2021. A control group was
formed from 32 healthy children from the hospital records with similar age and gender profiles as the patient group. The data from both groups were collected
and statistically analyzed in terms of gender, age, and laboratory tests, including hemogram, Vit B12, Parathormone (PTH), Vit.D, Alkaline phosphatase (ALP),
and serum Calcium (Ca) and Phosphor (P) levels. Compared to the control group, statistically, significantly higher serum ALP, P, and PTH levels with low Vit.B12
levels were detected. The significant difference in the levels of ALP, PTH, P, and Vit B12, which have an important place in the construction and development of
osteochondral structures, may impair the remodeling capacity of the costosternal structure with the contribution of thoracic biomechanics. When PE deformity is
noticed, if appropriate medical treatment such as vitamin and mineral supplements and diet regulation is applied to children in the follow-up process, the process

can be slowed down, and the deformity can be alleviated.
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Introduction

Anterior chest wall deformities are a rare medical problem, and
pectus excavation is the most common deformity among anterior
chest wall abnormalities [1,2]. There are several hypotheses
regarding its pathogenesis; Hypertension of the diaphragm during
embryonic development [3], thickened substernal ligament [4],
muscle imbalance in the anterior portion of the diaphragm [5],
defects in collagen formation [6], overgrowth and biomechanical
weakness of the costosternal cartilage due to a metabolic defect
[7], cartilaginous overgrowth [8] or premature cartilage aging
in the costosternal cartilage [9] and abnormalities in the amount

of trace elements in the costal cartilage [10]. Finally, two main
hypotheses remain for the pathogenesis of PE, suggesting a
developmental disorder or cartilage proliferation. A summary
of all studies suggests that the changes in the amounts of trace
elements in the cartilage structure or the disorders in collagen
synthesis, and abnormalities in type-2 collagen structure leads
to PE with abnormalities in cartilage and bone chemistry
[11]. Although those extensive researches are interested in the
etiopathogenesis of PE, no additional approaches other than
surgical treatment are recommended in the management of PE.
The aim of this study was to evaluate the biochemical parameters

CITATION

Harma B, Kiran TR, Kapici Y, Inceoglu F. Some biochemical
tips in the etiopathogenesis of Pectus Excavatum

Med Science.2023;12:145-8.

Corresponding Author: Birsen Harma, Malatya Turgut Ozal
University, Department of Pediatric Surgery, Pediatric Burn
Unit, Malatya, Tiirkiye

Email:birsenharma@gmail.com

145


http://orcid.org/0000-0003-3745-6055
http://orcid.org/0000-0002-3724-0249
http://orcid.org/0000-0003-1453-0937
https://creativecommons.org/licenses/by-nc-nd/4.0/

Med Science 2023:12(1):145-8

that may cause or be associated with the development of PE
between children with PE and their healthy peers.

Material and Methods

A total of 33 patients' medical records were retrospectively
analyzed who followed up because of pectus excavatum between
2019 and 2021. A control group was formed from 32 healthy
children from the hospital records with similar age and gender
profiles as the patient group. The data from both groups were
collected and statistically analyzed in terms of gender, age, and
laboratory tests, including hemogram, Vit B12, Parathormone,
Vit.D, Alkaline phosphatase, and serum Calcium and Phosphor
levels. Demographic information and clinical characteristics were
recorded for all participants using a data list. Laboratory findings
were obtained from the medical registry system of XXX Training
and Research Hospital. Biochemical tests and hemograms were
obtained through Abbott Architect ¢16000 (Illinois, USA) and
Sysmex Corporation XN-10 (Kobe, Japan), respectively. This
retrospective study was approved by the Institutional Ethics
Review Board for Clinical Research (2022/214).

Statistical analysis

Data analyzes of the participants included in the study were
carried out with the SPSS for Windows v.25 software (IBM, New
York, USA). The normality assumption of the data was checked
through a Kolmogorov-Smirnov Test. The significance level (p)

Table 1. Comparison of the groups by gender and age distribution
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for comparison tests was taken as 0.05. Since the variables did not
have a normality assumption (p>0.05), the analysis was continued
with non-parametric test methods. Because the assumption of
normality was not provided, comparisons in independent pairs
were carried out with the Mann-Whitney test. A chi-square (%2)
analysis was performed using cross tables for categorical data
analysis. In the binary logistic regression analysis, the Hosmer-
Lemeshow statistics were used to test the goodness of fit of the
model. The model for binary logistic regression in patient and
control groups' estimate of significant variables was constructed.

Results

Demographic characteristics of patients
excavatum and the healthy control group

In this study, there were 8 (24.2%) girls and 25 (75.8%) boys
in the PE group and 13(40.6%) girls, and 19 (59.4%) boys in
the control group. Mean ages were 12.56+4.57 vs. 12.63 = 4.17
in PE and control groups. There were no statistically significant
differences regarding age between the groups. (Table 1).

with pectus

Laboratory markers of pectus excavatum patients and
healthy control group

A statistically significant difference was found between the
groups according to the Alkaline phosphatase, Parathormone,
Phosphorus, and vitamin B12. (p<0.05, Table 2).

Variable Groups Patients Control Total P
. n 8 13 21
Girl % 24.2% 40.6% 32.3%
n 25 19 34
Gender Boy % 75.8% 59.4% 52.3% 0.0047
Total n 33 32 65
% 100.0% 100.0% 100.0%
Age Meanzsd 12.56+4.57 12.63+4.17 12.55+4.71 0.057%

n; frequency. %; percent. sd; standart deviation. M; Median. pa; Chi-Square Test value (32). pb; Mann Whitney Test Value. *; indicates statisticaly difference

Table 2. Measurements of blood parameters in both groups

Variables Groups Mean + sd M (Min-Max) Test p
: : sl 115
- A
Phosphorus mg/dL f::ter'(‘)i 2:82 N g:zz Z(ﬁig 84.500 0.001*
I -
Vomaipn, M ime e
Calcium mg/dL ‘c’::ter'('): 9;;5 (g '3316 99'.67(59('91_'113'55)) 397.000 0.084
mes mmn mawn
A

sd; standard deviation, M; Median, Min; The smallest value taken, Max; the highest value taken, p; Mann Whitney Test Value, p value, *p<0.05; points a

statistically significant difference between the groups
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Logistics regression analysis for groups

A Binary Logistic Regression model was established in which
the dependent variables of the groups, ALP, phosphorus,
parathormone, vitamin B12, age, and gender, were the independent
variables. In the binary logistic regression analysis (Table 3), the

Table 3. Estimated Values of the Parameters in the Model
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Hosmer-Lemeshow statistics were used to test the goodness of fit
of the model. In the established model, the groups of data (study-
control) were predicted; The model established with Alkaline
phosphatase, Phosphorus, Parathormone, Vitamin B12, age, and
gender values was found to be a statistically sufficient model (2
=9.188, degree of freedom= 8 p=0.327>0.05).

95% C.Lfor EXP(B)

Variables B SE w df p (sig) Exp(p) (OR)

in Max
Alkaline phosphatase -0.022 0.013 2915 1 0.088 0.978 0.954 1.003
Phosphorus -3.989 1.540 6.710 1 0.010* 0.019 0.001 0.379
Vitamin B12 0.017 0.007 6.144 1 0.013* 1.017 1.104 1.231
Parathormone 0.040 0.045 0.806 1 0.369 1.041 0.953 1.137
Age -0.111 0.162 0.468 1 0.494 0.895 0.651 1.230
Gender 0.531 1.151 0.213 1 0.645 1.700 0.178 16.218
Constant 17.487 7.351 5.659 1 0.017* 4.469

B; parameter estimation, SE; standard error; W; Wald statistics, df; degrees of freedom, Exp (B); odds ratio, 95% CI; confidence interval.

Discussion

Although many theories on the pathogenesis of PE have been
described [1-15], there has yet to be any reliable anatomical
or radiological evidence. However, it is stated that structural
abnormalities of costosternal cartilage are an important factor in
the development of PE. As a main structural component of costal
cartilage, the Type-2 collagen metabolism and its composition
are of cardinal importance in the etiology and pathogenesis of
PE [16]. Bone mineral density (BMD) and bone fragility are
measured when assessing bone health. Decreased vitamin B12
levels have a negative effect on BMD [17], and high levels
of homocysteine are an indicator of vitamin B12 deficiency.
Homocysteine prevents the formation of collagen bonds by
stimulating osteoclasts and increasing osteoclast formation
[18]. Alkaline phosphatase activity and osteoblast growth are
both directly influenced by vitamin B12 [19]. Vitamin B12
deficiency adversely affects the construction and destruction of
bone. Therefore, supplementation with vitamin B12 is crucial to
maintain healthy bone structure [20].

In healthy individuals, serum alkaline phosphatase levels change
with age, and its level is higher during childhood and adolescence
due to the maturation and growth of the bones [21,22]. However,
we found a statistically significant increase in ALP values
between PE and control cases. Mean ALP values were 220 +
51.17 vs. 137.63+65.56 in PE and control groups, suggesting
increased bone resorption in children with PE compared with
their healthy peers. Indeed, ALP has been proposed as a novel
predictor for high-turnover bone disease [13,23,24].

Maintaining serum phosphate levels within physiological
limits for various biological processes is critical. An essential

component of bones, nucleic acids, and cell membranes,
phosphate is critical for cellular energy metabolism, intracellular
protein phosphorylation, and hemoglobin oxygen release [25].
In this study, the serum phosphorus level was detected as
higher in the PE group than in the control group. There was a
statistically significant difference between mean phosphorus
values in the PE group (5.09+0.47 mg/dL) versus (3.96+0.64
mg/dL) in the control group. Alkaline phosphatase level rises
during early osteoblastic activity, and this increase provides local
phosphate formation or its liberation in the presence of organic
phosphates such as b-glycerophosphate, thus causing an increase
in extracellular P concentration [26] . This situation explains the
statistically significant high ALP and P values we found in the PE
group. The effects of hyperphosphatemia on bone metabolism
via the parathyroid gland are well known. Although vitamin
D insufficiency results in PTH increase, which causes cortical
thinning and, sometimes, marrow fibrosis [27], there was no
significant difference in vitamin D levels between the groups in
this study. However, there was a statistically significant difference
in PTH levels between the PE and Control groups (Table 2).

Although the exact causes of PE are not known, the underlying
mechanism may be related to corrupted collagen synthesis
of costochondral structures, which may result in disrupted
remodeling of ribs and sternum and, finally, the development of
PE.

Asaresult, high phosphorus, alkaline phosphatase, parathormone,
and low Vit B12 values, which are found with a statistically
significant rate in PE cases compared to the control group, lead to
disrupted bone and cartilage formation by complex mechanisms,
possibly affecting the remodeling of the ribs and results with PE
in slow progress.
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In this retrospective study, routine hematologic parameters of
the PE patients, which were obtained during the first and follow-
up examinations, were investigated. Its retrospective design and
the lack of information on protein markers, minerals, and other
vitamins and sex hormones are the limitations of this study.
However, differences in some biochemical markers of bone
and cartilage formation could be assumed to be related to the
progression of deformity, together with unknown factors. Since
PE generally progresses gradually until puberty when it is noticed
earlier, the regulation of biochemical abnormalities may be useful
to increase the remodeling capacity of the sternum and ribs and
to prevent or slow the progression of the deformity. These limited
results may be inspiring for prospective randomized trials.

Patient informed consent
Signed informed consent was gathered from the participants for this study.

Conflict of interests
The authors declare that there is no conflict of interest in the study.

Financial Disclosure
The authors declare that they have received no financial support for the study.

Ethical approval

This study was endorsed by Malatya Turgut Ozal University Non-Interventional
Clinical Researches Ethics Committee (Decision Date: 13/12/2022, Meeting
Number: 21, Decision Number: 2022/214).

References

1.  Kuhn MA, Nuss D. Pectus deformities. In: Mattei P, ed, Fundamentals of
Pediatric Surgery. New York: Springer. 2011;313-22.

2. Williams AM, Crabbe DC. Pectus deformities of the anterior chest wall.
Paediatr Respir Rev. 2003;4:237-42.

3. Langer E. Zuckerkandel: Untersuchungen iiber den mi3bildeten Brustkorb
des. Herrn JW Wiener med Zeit. 1880;49:515.

4. Kelly RE Jr, Cash TF, Shamberger RC, et al. Surgical repair of pectus
excavatum markedly improves body image and perceived ability for
physical activity: a multicenter study. Pediatrics. 2008;122:1218-22.

5. Brochhausen C, Turial S, Miiller FK, et al. Pectus excavatum: history,
hypotheses and treatment options. Interact Cardiovasc Thorac Surg.
2012;14:801-6.

6.  Koumbourlis AC. Pectus excavatum: pathophysiology and clinical
characteristics. Paediatr Respir Rev. 2009;10:3-6.

7. Sweet RH. Pectus excavatum: report of two cases successfully operated
upon. Ann Surg. 1944;119:922-34.

8. FokinAA, Steuerwald NM, Ahrens WA, Allen KE. Anatomical, histologic,
and genetic characteristics of congenital chest wall deformities. Semin
Thorac Cardiovasc Surg. 2009;21:44-57.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

148

DOI: 10.5455/medscience.2023.01.013

Geisbe H, Buddecke E, Flach A, et al. Biochemical, morphological and
physical as well as experimental animal studies on the pathogenesis of
funnel chest. Langenbecks Arch Chir. 1967;319:536—41.

Rupprecht H, Hummer HP, Stoss H, Waldherr T. Pathogenesis of chest
wall abnormalities electron microscopy studies and trace element analysis
of rib cartilage. Z Kinderchir. 1987;42:228-9.

Feng J, Hu T, Liu W, et al. The biomechanical, morphologic, and
histochemical properties of the costal cartilages in children with pectus
excavatum. J Pediatr Surg. 2001;6:1770-6.

Brodkin HA: Congenital anterior chest wall deformities of diaphragmatic
origin. Dis Chest. 1953;24:259-277.

Shamberger RC: Congenital chest wall deformities. Curr Probl Surg.
1996;33:469-542.

Desmarais TJ, Keller MS. Pectus carinatum. Curr Opin Pediatr. 2013;
25:375-81.

Williams AM, Crabbe DC. Pectus deformities of the anterior chest wall.
Paediatr Respir Rev. 2003;4:237-42.

Prozorovskaya NN, Kozlov EA, Voronov AV, et al. Characterization of
costal cartilage collagen in funnel chest. Biomed Sci. 1991;2;576-580.

Mangels, A. R. Bone nutrients for vegetarians. The American journal of
clinical nutrition, (Supplement 1). 2014;469-475.

Herrmann M, Widmann T, Herrmann W. Homocysteine--a newly
recognised risk factor for osteoporosis. Clin Chem Lab Med.
2005;43:1111-7.

Dodds RA, Catterall A, Bitensky L, Chayen J. Abnormalities in fracture
healing induced by vitamin B6 deficiency in rats. Bone. 1986;7:489-95.

Stabler S.P. Vitamin B-12. In: Bowman B.A., Russell R.M, eds, Present
Knowledge in Nutrition. 8th ed. ILSI Press, Washington DC, USA:
2001;230-240.

Green MR, Sambrook J. Alkaline Phosphatase. Cold Spring Harb Protoc.
2020;3;100768.

Kutilek S, Cervickova B, Bebova P, et al. Normal bone turnover in transient
hyperphosphatasemia. J Clin Res Pediatr Endocrinol. 2012;4:154-6.

Mullard K: Observations on the etiology of pectus excavatum and other
chest deformities and a method of recording them. Br J Surg. 1967;54:115-
120,

Haje SA, Harcke HT, Bowen JR. Growth disturbance of the sternum
and pectus deformities: imaging studies and clinical correlation. Pediatr
Radiol. 1999;29:334-341.

Alizadeh Naderi AS, Reilly RF. Hereditary disorders of renal phosphate
wasting. Nature Reviews Nephrology. 2010;6:657-65.

Bellows CG, Heersche JN, Aubin JE. Inorganic phosphate added
exogenously or released from beta-glycerophosphate initiates the
mineralization of osteoid nodules in vitro. Bone Miner. 1992;17:15-29.

Al-Shoha A, Qiu S, Palnitkar S, Rao DS. Osteomalacia with bone marrow
fibrosis due to severe vitamin D deficiency after a gastrointestinal bypass
operation for severe obesity. Endocr Pract. 2009;15:528-533.



