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Presentation of the case
This is a case of a 43-year-old male presenting with short 

stature and heart failure. The patient was admitted at the 
medicine ward of the Philippine General Hospital (PGH) 
for dyspnea. This paper will investigate several issues: 
differentiating congenital from acquired hypothyroidism, 
the relationship between hypothyroidism and the 
cardiomyopathies, and the therapeutic options in patients 
with cardiomyopathy secondary to hypothyroidism.

The patient had been born full term to a then 31-year-
old Gravida 4 Para 3 (G4P3), the 4th of 9 siblings, with an 
apparently unremarkable delivery at home facilitated by 
a traditional birth attendant. He was noted to be normal 
at birth. The patient was allegedly at par with age both 
physically and mentally until eight years old when he was 
said to have stopped growing in height. He was brought to 
a private doctor, whose diagnosis was undisclosed, and he 
was given medications to increase height, which the patient 
took for only one month with no improvement. Through the 
years, the patient was apparently well, although still of short 
stature, with thick lips, coarse facial features and dry skin. 
He was notably slow in ambulation. He was said to have 
bronchial asthma at age 15 years, and since then he had been 
taking salbutamol tablets occasionally for bouts of dyspnea 
occurring one to two times annually.

The patient’s symptoms started in 2001 when he was 
reported to have sudden loss of consciousness. During this 
time, the patient did not have any symptoms of heart failure; 
no prior seizures, cyanotic episodes, chest pain, headache, or 
blurring of vision. He regained consciousness shortly after and 
was brought to a private physician, whose assessment was a 
“heart problem”. He was prescribed unrecalled medications 
taken for a few months and eventually discontinued when 
the syncopal episode did not recur.

In the next four years, the patient would develop 
intermittent, progressive exertional dyspnea and bipedal 
edema. later on this would be accompanied by generalized 
body weakness, anorexia, and constipation, severe enough to 

require regular laxative use. There was also a report of two 
more syncopal episodes. He was brought to another doctor 
in a private hospital where the assessment was still a “heart 
problem”. The patient was again prescribed unrecalled 
medications and again was lost to follow-up. This time, 
however, symptoms were persistent. He later consulted at 
another local hospital, where he was admitted and managed 
as a case of anemia and bronchial asthma. He was discharged 
slightly improved after four days, only to have recurrent heart 
failure symptoms, prompting admission at PGH.

Upon admission the patient was in mild respiratory 
distress, with stable vital signs and no note of fever. Pertinent 
physical exam findings included short stature, thick lips, non-
pitting periorbital edema, dry skin, a displaced apical impulse, 
crackles on both lung fields, and bilateral non-pitting bipedal 
edema. There was also a 3 cm x 3 cm reducible umbilical 
hernia. However, there was no pallor, no neck vein distention, 
no apparent congenital malformations, no cardiac murmurs 
and no clubbing. There was also no note of an anterior neck 
mass.

laboratory workup showed cardiomegaly with pulmonary 
congestion, thoracic dextroscoliosis, and atheromatous aorta by 
chest radiograph, and left ventricular hypertrophy by 12-lead 
electrocardiogram (12-l ECG) (Figures 1 and 2), normocytic 
normochromic anemia (Hgb 90 mg/dl), dyslipidemia, and 
pre-renal azotemia (serum creatinine 123 mmol). Electrolytes 
on admission showed slight hyponatremia, hypokalemia, 
and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
considerations were acute pulmonary congestion, nosocomial 
pneumonia, to rule out an acute coronary event. He was later 
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Introduction 
Fractures caused by motor vehicular accidents, falls, 

sports and other recreational activities at the thoracolumbar 
junction result from an axial loading force acting on a flexed 
spine.1-6 For patients with progressive neurological loss or a 
major neurological deficit in the setting of substantial canal 
compromise commonly found in unstable anterior 
thoracolumbar injuries,7,8 most investigators have 
recommended surgery to provide adequate anatomic 
decompression of the neural elements. This is achieved 
through vertebral corpectomy and rigid stabilization of the 
injured segments until biological fusion occurs.9,16 

Early anterior thoracolumbar instrumentation, 
developed by Dwyer and Zielke, was used in the correction 
and stabilization of scoliosis.10,11 Unfortunately in the setting 
of unstable thoracolumbar injuries, the Zielke 
instrumentation was biomechanically insufficient.12-16 This 
problem has been resolved by the introduction of solid rod 
system wherein curvature improvement and solid 
arthrodesis, yet fusion of fewer motion segments are well 
proven in deformity correction. However, follow-up clinical 
studies regarding this stability enhanced solid single rod 
system in the management of unstable thoracolumbar 
injuries are not available. 

Numerous studies have been performed to evaluate the 
biomechanics of anterior spinal instrumentation using 
cadaveric or animal tissue and synthetic testing. However, 
problems of specimen variation, lack of reproducibility, and 
inability to perform fatigue testing have been pointed out in 
the previous cadaveric and animal studies while cost of 
actual expensive spine implants for synthetic testing should 
also be taken into account.  

In the advent of Finite Element Analysis (FEA) 
computer program, these implants can be reconstructed and 
subjected to computer simulated stresses where 
biomechanical properties of such implants can be predicted, 
compared and analyzed.17,18 This method of product design 
and testing is far superior to the manufacturing costs which 
would accrue if each sample was actually built and tested. 

Since operative management entails vast expenses, 
management would tend to deviate from the standard 
intervention especially in developing countries where 
resources and medical insurance system are limited. The 
Philippine General Hospital being the country’s premier 
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transferred to the intensive care unit (ICU) for ventilatory 
support and closer monitoring. on bedside cardiac ultrasound, 
there was a finding of eccentric left ventricular hypertrophy, 
global hypokinesia with depressed overall systolic function 
with concomitant spontaneous echo contrast on left ventricular 
(lV) cavity suggestive of rheologic stasis, the ejection fraction 
was 25%, with moderate mitral regurgitation, moderate 
aortic regurgitation with aortic sclerosis, severe tricuspid 
regurgitation with mild pulmonary hypertension, pulmonary 
regurgitation, and minimal pericardial effusion or pericardial 

fat pad. Cardiac enzymes were not consistent with an acute 
coronary event (Table 3), however, intravenous (IV) heparin 
(overlapping with oral warfarin) was still given to cover for 
the presence of a possible lV thrombus as demonstrated 
by rheologic stasis on cardiac ultrasound. Medications 
were shifted to IV diuretics and inotropes; oral digoxin was 
started. IV antibiotics were given for possible pulmonary 
infection. The patient later on showed improvement, and was 
eventually weaned off from ventilatory support, extubated, 

Table 1. Initial laboratory Results

WBC
RBC
HGB
HCT
MCV
MCH
MCHC
RDW
PlT
RETIC
SEG
lYMPH
MoNo
Eo
BASo
BlAST

CBC

Reference 
Value
5-10
4-6
120-150
0.38-0.48
80-100 Fl
27-31 PG
320-360 G/l
11.5-15.5%
200-400
0.005-0.015
50-70%
20-44%
2-9%
0-4%
0-2%
0%

Result

4.5

90
0.27

Inc

48
50
2
0
0
0

RBS
HGBA1C
BUN
CREA
AlB
TAG
HDl
lDl
ToTAl CHol
AST
AlT
Alk po4
NA
K
Cl
CA++
P
MG++

Reference 
Value
3.9-6.1
4.27-6.07
2.6-6.4
53-115
34-50
0.34-1.7
0.91-1.56
1.1-3.8
4.2-5.2
15-37
30-65

140-148
3.6-5.2
100-108
2.12-2.52

0.74-1

Result

6.3
6.4
5.0
123
32
0.82
0.67
4.21
5.25
95
91
184
136.9
3.35
86
2.37
2.27
0.83

Blood chem.

Color

Transp
Sp Gravity

pH
Sugar

Protein
RBC
WBC
Cast

Epith cell
Bacteria

Mucus th
Crystals

Am urates

straw

Clear
1.010

8.0
NEG
NEG
0-1
0-2

Rare
occ’l
Rare
Rare

Urinalysis

pH

pCo2
po2

HCo3
o2 sat
Fio2
Temp

7.408

49.1
70

31.3
93.6
21%
36.9

ABG

PBS
Slight poikilocytosis, 
acanthocytes, ovalocytes, 
slight toxic granulation, 
slight anisocytosis

Table 2. Thyroid Function Tests

Free T4
TSH

(0.8-2.0)
(0.4-6.0)

0.02 ng/dl   
24.75 Uiu/ml

Reference  Value Result

Figure 1. Electrocardiogram upon admission 

Table 3. Cardiac Enzymes

Qualitative 
Troponin I
CK-MB
CK-ToTAl

0-6.0
21-232

PoSITIVE

1.14
543

Reference Range (mmoL) Result

Figure 2. Chest radiograph on admission

Vol. 43 N0. 4 200912   ACTA MEDICA PHIlIPPINA

Heart Failure and Short Stature in a 43 year-old male

Katerina T. leyritana1, Ma. Czarlota M. Acelajado-Valdenor1, Amado o. Tandoc III2 and Agnes D. Mejia1

 
1Department of Medicine, College of Medicine and Philippine General Hospital, University of the Philippines Manila

2Department of Pathology, College of Medicine, University of the Philippines Manila

CASE REPORT

Corresponding author: Ma. Czarlota Acelajado-Valdenor, M.D.
Department of Medicine
Philippine General Hospital
Taft Avenue, Manila, 1000 Philippines
Telephone: +632 554-8488
Email: czarlota@yahoo.com

Presentation of the case
This is a case of a 43-year-old male presenting with short 

stature and heart failure. The patient was admitted at the 
medicine ward of the Philippine General Hospital (PGH) 
for dyspnea. This paper will investigate several issues: 
differentiating congenital from acquired hypothyroidism, 
the relationship between hypothyroidism and the 
cardiomyopathies, and the therapeutic options in patients 
with cardiomyopathy secondary to hypothyroidism.

The patient had been born full term to a then 31-year-
old Gravida 4 Para 3 (G4P3), the 4th of 9 siblings, with an 
apparently unremarkable delivery at home facilitated by 
a traditional birth attendant. He was noted to be normal 
at birth. The patient was allegedly at par with age both 
physically and mentally until eight years old when he was 
said to have stopped growing in height. He was brought to 
a private doctor, whose diagnosis was undisclosed, and he 
was given medications to increase height, which the patient 
took for only one month with no improvement. Through the 
years, the patient was apparently well, although still of short 
stature, with thick lips, coarse facial features and dry skin. 
He was notably slow in ambulation. He was said to have 
bronchial asthma at age 15 years, and since then he had been 
taking salbutamol tablets occasionally for bouts of dyspnea 
occurring one to two times annually.

The patient’s symptoms started in 2001 when he was 
reported to have sudden loss of consciousness. During this 
time, the patient did not have any symptoms of heart failure; 
no prior seizures, cyanotic episodes, chest pain, headache, or 
blurring of vision. He regained consciousness shortly after and 
was brought to a private physician, whose assessment was a 
“heart problem”. He was prescribed unrecalled medications 
taken for a few months and eventually discontinued when 
the syncopal episode did not recur.

In the next four years, the patient would develop 
intermittent, progressive exertional dyspnea and bipedal 
edema. later on this would be accompanied by generalized 
body weakness, anorexia, and constipation, severe enough to 

require regular laxative use. There was also a report of two 
more syncopal episodes. He was brought to another doctor 
in a private hospital where the assessment was still a “heart 
problem”. The patient was again prescribed unrecalled 
medications and again was lost to follow-up. This time, 
however, symptoms were persistent. He later consulted at 
another local hospital, where he was admitted and managed 
as a case of anemia and bronchial asthma. He was discharged 
slightly improved after four days, only to have recurrent heart 
failure symptoms, prompting admission at PGH.

Upon admission the patient was in mild respiratory 
distress, with stable vital signs and no note of fever. Pertinent 
physical exam findings included short stature, thick lips, non-
pitting periorbital edema, dry skin, a displaced apical impulse, 
crackles on both lung fields, and bilateral non-pitting bipedal 
edema. There was also a 3 cm x 3 cm reducible umbilical 
hernia. However, there was no pallor, no neck vein distention, 
no apparent congenital malformations, no cardiac murmurs 
and no clubbing. There was also no note of an anterior neck 
mass.

laboratory workup showed cardiomegaly with pulmonary 
congestion, thoracic dextroscoliosis, and atheromatous aorta by 
chest radiograph, and left ventricular hypertrophy by 12-lead 
electrocardiogram (12-l ECG) (Figures 1 and 2), normocytic 
normochromic anemia (Hgb 90 mg/dl), dyslipidemia, and 
pre-renal azotemia (serum creatinine 123 mmol). Electrolytes 
on admission showed slight hyponatremia, hypokalemia, 
and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
considerations were acute pulmonary congestion, nosocomial 
pneumonia, to rule out an acute coronary event. He was later 

 
_______________ 
Corresponding author: Jereme B. Atupan, MD 
Department of Orthopaedics 
Philippine General Hospital 
University of the Philippines Manila 
Taft Avenue, Ermita, Manila, 1000 Philippines 
Telephone: +632 5548466 
Email: jereme_atpn@hotmail.com 
 

A Biomechanical Study on Single Rod Spinal Instrumentation System in an 
Unstable Thoracolumbar Injury Model: A Finite Element Analysis 

 
Jereme B. Atupan and Rafael C. Bundoc 

 
Section of Spine Surgery, Department of Orthopedics, College of Medicine and Philippine General Hospital, University of the Philippines Manila 

 

 

Introduction 
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compromise commonly found in unstable anterior 
thoracolumbar injuries,7,8 most investigators have 
recommended surgery to provide adequate anatomic 
decompression of the neural elements. This is achieved 
through vertebral corpectomy and rigid stabilization of the 
injured segments until biological fusion occurs.9,16 

Early anterior thoracolumbar instrumentation, 
developed by Dwyer and Zielke, was used in the correction 
and stabilization of scoliosis.10,11 Unfortunately in the setting 
of unstable thoracolumbar injuries, the Zielke 
instrumentation was biomechanically insufficient.12-16 This 
problem has been resolved by the introduction of solid rod 
system wherein curvature improvement and solid 
arthrodesis, yet fusion of fewer motion segments are well 
proven in deformity correction. However, follow-up clinical 
studies regarding this stability enhanced solid single rod 
system in the management of unstable thoracolumbar 
injuries are not available. 

Numerous studies have been performed to evaluate the 
biomechanics of anterior spinal instrumentation using 
cadaveric or animal tissue and synthetic testing. However, 
problems of specimen variation, lack of reproducibility, and 
inability to perform fatigue testing have been pointed out in 
the previous cadaveric and animal studies while cost of 
actual expensive spine implants for synthetic testing should 
also be taken into account.  

In the advent of Finite Element Analysis (FEA) 
computer program, these implants can be reconstructed and 
subjected to computer simulated stresses where 
biomechanical properties of such implants can be predicted, 
compared and analyzed.17,18 This method of product design 
and testing is far superior to the manufacturing costs which 
would accrue if each sample was actually built and tested. 

Since operative management entails vast expenses, 
management would tend to deviate from the standard 
intervention especially in developing countries where 
resources and medical insurance system are limited. The 
Philippine General Hospital being the country’s premier 

tertiary hospital strives to fulfill its mission of quality health 
service, particularly for the underprivileged. But because 
out-of-pocket payments are the principal means of financing 
healthcare throughout the country, the majority of indigent 
patients cannot afford the ideal implant. These patients will 
develop complications of prolonged bed rest and could 
result to suboptimal management. If the single rod-2 screw 
instrumentation system which is considerably affordable, 
would prove biomechanically comparable to the standard 
anterior thoracolumbar instrumentation system, or at least 
provide anterior stabilization in unstable thoracolumbar 
fractures, then it may be a realistic option in developing 
countries with limited resources for healthcare. This could 
be a means to bridge the gap between the underprivileged 
and quality healthcare. 

There are no published reports that specifically compare 
the characteristics of single rod configuration with the 
standard anterior thoracolumbar instrumentation system 
(dual rod system and plate system). The purpose of this 
study is to develop three-dimensional finite element models 
of the anterior thoracolumbar spine implants and constructs 
and examine their load sharing capabilities. 
 

Methods 
A biomechanical study simulating a thoracolumbar 

corpectomy model was created to compare load sharing 
capabilities of seven different anterior instrumentation 
constructs.   

This universal mechanical testing machine was 
developed by Kotani et al.3 (Figure 1A) and its geometry and 
mechanical property were utilized for the reconstruction of 
the thoracolumbar corpectomy FEA counterpart (Figure 1B).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 A.   Synthetic model and instrumentation assembly 
as described by Kotani et al. B. 3D synthetic model and 
instrumentation assembly. 

FEA synthetic model and instrumentation assembly   
A computer model of ultra-high-molecular-weight 

polyethylene (UHMWPE) cylinders (60 mm in diameter, 42 
mm in height) was developed to represent vertebral 
elements. The selection of a diameter of 60 mm was based on 
the lateral side radius of the third lumbar (L3) vertebral 
body, allowing the accurate attachment of each device. Two 
cylinders spanned by spinal instrumentation simulated a 
total corpectomy defect of 52 mm. The screw location, depth 
of insertion and the site of compressive lateral bending load 
application were determined.   
 
FEA implant system or construct   

FEA model of titanium alloy implants were made. 
Screws were 6.5 mm in diameter and 35 mm in length. FEA 
bone graft was depicted from UHMPE material with 52 mm 
height and 25 mm diameter. These actual physical 
characteristics (Figure 2) and mechanical properties of 
implants were applied to develop a 3D coordinate data 
which was then imported into the CATIA program for 3D 
modeling and mesh generation.  
 

 
 Single Rod  Dual rod               

 
 Plate/Screw  Bone graft 
 
Figure 2. Anterior thoracolumbar implants and the un-
instrumented construct (3 more constructs with implants but 
without bone grafts are not shown; total of 7 constructs). The 
actual dimensions and mechanical properties of the 
constructs were imported into a surfacer for data processing 
and subsequently incorporated into the CATIA program for 
3D modeling and mesh generation (FEA model). 

B A 
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require regular laxative use. There was also a report of two 
more syncopal episodes. He was brought to another doctor 
in a private hospital where the assessment was still a “heart 
problem”. The patient was again prescribed unrecalled 
medications and again was lost to follow-up. This time, 
however, symptoms were persistent. He later consulted at 
another local hospital, where he was admitted and managed 
as a case of anemia and bronchial asthma. He was discharged 
slightly improved after four days, only to have recurrent heart 
failure symptoms, prompting admission at PGH.

Upon admission the patient was in mild respiratory 
distress, with stable vital signs and no note of fever. Pertinent 
physical exam findings included short stature, thick lips, non-
pitting periorbital edema, dry skin, a displaced apical impulse, 
crackles on both lung fields, and bilateral non-pitting bipedal 
edema. There was also a 3 cm x 3 cm reducible umbilical 
hernia. However, there was no pallor, no neck vein distention, 
no apparent congenital malformations, no cardiac murmurs 
and no clubbing. There was also no note of an anterior neck 
mass.

laboratory workup showed cardiomegaly with pulmonary 
congestion, thoracic dextroscoliosis, and atheromatous aorta by 
chest radiograph, and left ventricular hypertrophy by 12-lead 
electrocardiogram (12-l ECG) (Figures 1 and 2), normocytic 
normochromic anemia (Hgb 90 mg/dl), dyslipidemia, and 
pre-renal azotemia (serum creatinine 123 mmol). Electrolytes 
on admission showed slight hyponatremia, hypokalemia, 
and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
considerations were acute pulmonary congestion, nosocomial 
pneumonia, to rule out an acute coronary event. He was later 

 

 
 
Figure 4.  Bending strengths of FEA models in Newton (N) 

Static testing  
The mechanical testing standard and the different 

constructs for anterior thoracolumbar instrumentation 
systems were reconstructed and mechanical property 
analyses were performed using the FEA program (Figure 3).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Single rod – FEA model with and without bone 
graft for static testing. 

 
Ten FEA samples for each seven anterior thoracolumbar 

construct were tested in static mode: (1) standard spinal 
plate-4 screw system with and without synthetic bone graft, 
(2) standard dual rod-4 screw system with and without 
synthetic bone graft, (3) Index single rod-2 screw system 
with and without synthetic bone graft, and the (4) un-
instrumented construct (spinal corpectomy model with 
synthetic bone graft alone).                         

The static test included axial compressive loading.   
Each construct was mechanically tested with bending loads 
of 100 N to 1600 N using computer simulation. Bending 
strength or failure was based on the maximum stresses 
recorded within the constraints of the construct and the 
estimated or computed design factor for safety.   

Statistical analysis  
Descriptive measures and Kruskal-Wallis 

nonparametric test were employed to compare the bending 
strength of the seven instrumentation systems. Analysis of 
variance was utilized to determine the difference of the 
bending strength between constructs. The test was 
significant if the p-value is <0.05. T-test and Mann-Whitney 
U test were employed for the pair-wise mean or median 
comparison of the normal and non-normal data sets, 
respectively. The test was significant if the p-value is <0.05. 
The data were analyzed using STATA Version 10.  
 

Results 
Static testing through FEA demonstrated significant 

differences among the devices. The bending strength of     
the constructs without the bone graft ranged from 300 N 
(Single Rod construct) to 1100 N (Plate construct). The dual 
rod construct had a bending strength mid range value of 
400-500 N (Table 1 and Figure 4). 
 
Table 1. Descriptive Statistics between Instrumentation in 
Static Testing Parameter  
 

Construct Yield 
strength 
(N/m2) 

Bending 
strength in 
Newton (N) 

Descriptive 
measure 
(Mean) 

Single Rod w/o BG 1.65 – 1.23** 300-400 1.34 + 1.44 

Dual Rod w/o BG 1.72 – 1.22 ** 400-500 1.91 + 2.08 
Plate and Screw w/o BG 1.52 – 1.27** 1000-1100 4.09 + 4.43 
No Implant w/ BG >5-7* >1600 NA 
Plate and Screw w/ BG >5-7* >1600 NA 
Dual Rod w/ BG >5-7* >1600 NA 
Single Rod w/ BG >5-7* >1600 NA 

**1.5: Design factor for minimum loading 
  *5-7: Design factor for moderate to maximum shock loading 
   NA: Not applicable or not measured 
   BG: Bone graft 

 
The performance of the plate construct within static 

loading conditions was statistically significant (P<0.05) 
compared to the dual rod and the single rod constructs. The 
bending strengths between single rod and dual rod 
configurations (both without bone grafts) however were not 
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transferred to the intensive care unit (ICU) for ventilatory 
support and closer monitoring. on bedside cardiac ultrasound, 
there was a finding of eccentric left ventricular hypertrophy, 
global hypokinesia with depressed overall systolic function 
with concomitant spontaneous echo contrast on left ventricular 
(lV) cavity suggestive of rheologic stasis, the ejection fraction 
was 25%, with moderate mitral regurgitation, moderate 
aortic regurgitation with aortic sclerosis, severe tricuspid 
regurgitation with mild pulmonary hypertension, pulmonary 
regurgitation, and minimal pericardial effusion or pericardial 

fat pad. Cardiac enzymes were not consistent with an acute 
coronary event (Table 3), however, intravenous (IV) heparin 
(overlapping with oral warfarin) was still given to cover for 
the presence of a possible lV thrombus as demonstrated 
by rheologic stasis on cardiac ultrasound. Medications 
were shifted to IV diuretics and inotropes; oral digoxin was 
started. IV antibiotics were given for possible pulmonary 
infection. The patient later on showed improvement, and was 
eventually weaned off from ventilatory support, extubated, 

Table 1. Initial laboratory Results

WBC
RBC
HGB
HCT
MCV
MCH
MCHC
RDW
PlT
RETIC
SEG
lYMPH
MoNo
Eo
BASo
BlAST

CBC

Reference 
Value
5-10
4-6
120-150
0.38-0.48
80-100 Fl
27-31 PG
320-360 G/l
11.5-15.5%
200-400
0.005-0.015
50-70%
20-44%
2-9%
0-4%
0-2%
0%

Result

4.5

90
0.27

Inc

48
50
2
0
0
0

RBS
HGBA1C
BUN
CREA
AlB
TAG
HDl
lDl
ToTAl CHol
AST
AlT
Alk po4
NA
K
Cl
CA++
P
MG++

Reference 
Value
3.9-6.1
4.27-6.07
2.6-6.4
53-115
34-50
0.34-1.7
0.91-1.56
1.1-3.8
4.2-5.2
15-37
30-65

140-148
3.6-5.2
100-108
2.12-2.52

0.74-1

Result

6.3
6.4
5.0
123
32
0.82
0.67
4.21
5.25
95
91
184
136.9
3.35
86
2.37
2.27
0.83

Blood chem.

Color

Transp
Sp Gravity

pH
Sugar

Protein
RBC
WBC
Cast

Epith cell
Bacteria

Mucus th
Crystals

Am urates

straw

Clear
1.010

8.0
NEG
NEG
0-1
0-2

Rare
occ’l
Rare
Rare

Urinalysis

pH

pCo2
po2

HCo3
o2 sat
Fio2
Temp

7.408

49.1
70

31.3
93.6
21%
36.9

ABG

PBS
Slight poikilocytosis, 
acanthocytes, ovalocytes, 
slight toxic granulation, 
slight anisocytosis

Table 2. Thyroid Function Tests

Free T4
TSH

(0.8-2.0)
(0.4-6.0)

0.02 ng/dl   
24.75 Uiu/ml

Reference  Value Result

Figure 1. Electrocardiogram upon admission 

Table 3. Cardiac Enzymes

Qualitative 
Troponin I
CK-MB
CK-ToTAl

0-6.0
21-232

PoSITIVE

1.14
543

Reference Range (mmoL) Result

Figure 2. Chest radiograph on admission

significantly different (Tables 2 and 3). On the other hand, 
with the bone grafts in place during compressive loading, all 
devices had improvement of stiffness with bending 
strengths more than the maximum set load of 1600 N. 

 
Discussion 

Vertebral body corpectomies in the thoracic and lumbar 
spine segments are commonly performed in the treatment of 
traumatic, malignant, and infectious disorders of the 
spine.1,2,3,4 Following a partial or complete removal of a 
vertebral body, the anterior column is commonly 
reconstructed with bone graft, reconstruction cages, or 
both.11 After the provisional reconstruction of the anterior 
column, the affected motion segment is considered unstable 
until bony union between the vertebral bodies above and 
below the corpectomy defect occurs. This construct is then 
reinforced with a screw/dual rod system or a screw/plate 
system. Placement of screw/dual-rod systems such as the 
Kaneda device with cross-links is effectively similar to 
screw/plate system.1,2 Internal fixation of the spine in this 
setting is intended to permit the patient to be mobilized 
while simultaneously creating an adequate environment for 
bony healing. 

 
Table 2. Comparison of Pair-Wise Mean and Median Values 
between Instrumentation 
 

INSTRUMENTATION COMPARED TO p-value 
Single Rod w/o BG (1) Dual Rod w/o BG ( *ns) 0.3941  

Plate and Screw w/o BG 0.0135 
No Implant w/ BG 0.0000 
Plate and Screw w/ BG 0.0000 
Dual Rod w/ BG 0.0002 
Single Rod w/ BG 0.0002 

Dual Rod w/o BG (2) Plate and Screw w/o BG ( *ns) 0.0785 
No Implant w/ BG 0.0000 
Plate and Screw w/ BG 0.0000 
Dual Rod w/ BG 0.0002 
Single Rod w/ BG 0.0002 

Plate and Screw w/o BG (3) No Implant w/ BG 0.0000 
Plate and Screw w/ BG 0.0000 
Dual Rod w/ BG 0.0002 
Single Rod w/ BG 0.0002 

No Implant w/ BG (4) Plate and Screw w/ BG 0.0010 
Dual Rod w/ BG 0.0002 
Single Rod w/ BG 0.0002 

Plate and Screw w/ BG (5) Dual Rod w/ BG 0.0022 
Single Rod w/ BG ( *ns) 0.1988 

Dual Rod w/ BG (6) Single Rod w/ BG (7) 0.0156 
*ns: Not significant 

 
The use of anterior instrumentation may increase the 

stability and fusion rate of corpectomy reconstructions, alter 
the postoperative bracing requirements, limit the surgery to 
a single approach, and save motion segments by avoiding 
larger posterior fusions.1,2,3,11,19 As anterior spinal 
instrumentation has rapidly evolved in recent years, 
numerous bench-top biomechanical studies have been 
performed.1,3 However, literature regarding anterior 

thoracolumbar stabilization using the single rod style is 
scarce. 
 
Table 3. Multiple Comparison Among Spinal Constructs In 
Bending Strength (NEWTON - N) 
 

 Single 
rod with 

bone 
graft 

Dual rod 
with 
bone 
graft 

Plate/ 
screw with 
bone graft 

Un-
instrumented/ 

bone graft 
alone 

Single rod with 
bone graft 

 No Yes Yes 

Dual rod with 
bone graft 

No  Yes Yes 

Plate/screw with 
bone graft 

Yes Yes  Yes 

Un-instrumented/ 
bone graft alone 

Yes Yes Yes  

Encoded as “yes” or “no” whether statistically significant or not 
 

The current study has reconstructed 3-D finite element 
models of the anterior thoracolumbar instrumentation and 
the standard testing model. These parameters were based on 
the synthetic model for biomechanical testing described by 
Brodke et al.2 and Kotani et al.3 with large array of 
instrumentation systems tested.  

The current study demonstrated that bending strengths 
of the 3-D FEA models are similar to the bending strength of 
the actual instrumentation systems tested in vitro (Figure 5). 
Our dual rod version was comparable to the actual dual rod 
system, the Kaneda device. The FEA plate construct model 
on the other hand was similar to the University plate as far 
as bending strength is concern. Brodke et al.2 and Kotani et 
al.3 showed in their studies that there were no substantial 
differences in stiffness between rod devices and plate 
devices. The implant type therefore does not influence the 
biomechanical property of the construct. Although they 
were statistically different in the current study, the 3-D 
models of the plate and dual rod construct were patterned 
from the superior quality plate counterpart and the inferior 
quality dual rod counterpart, the USA plate and Kaneda 
device, respectively. Thus it showed statistical difference 
between the constructs.  

The novel single rod FEA model although having the 
lowest bending strength value of 300-400 N, was statistically 
equivalent to the dual rod FEA model. Because of this 
inference, it implies that single rod model is comparable to 
the actual Z-plate and Kaneda device under Static axial 
loading condition. The bending strengths of the Z-plate and 
Kaneda device are 407 N and 565 N, respectively (Figure 5).2 
These bending strengths are similar and compatible with the 
compressive load acting on the upper lumbar vertebrae of a 
70 kg man in a standing position.20 

Finally, the bending strengths of all constructs with 
bone graft were not measured. However, the current study 
was able to demonstrate that adding an inter-positional  
bone graft would greatly increased the strength of the 
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Presentation of the case
This is a case of a 43-year-old male presenting with short 

stature and heart failure. The patient was admitted at the 
medicine ward of the Philippine General Hospital (PGH) 
for dyspnea. This paper will investigate several issues: 
differentiating congenital from acquired hypothyroidism, 
the relationship between hypothyroidism and the 
cardiomyopathies, and the therapeutic options in patients 
with cardiomyopathy secondary to hypothyroidism.

The patient had been born full term to a then 31-year-
old Gravida 4 Para 3 (G4P3), the 4th of 9 siblings, with an 
apparently unremarkable delivery at home facilitated by 
a traditional birth attendant. He was noted to be normal 
at birth. The patient was allegedly at par with age both 
physically and mentally until eight years old when he was 
said to have stopped growing in height. He was brought to 
a private doctor, whose diagnosis was undisclosed, and he 
was given medications to increase height, which the patient 
took for only one month with no improvement. Through the 
years, the patient was apparently well, although still of short 
stature, with thick lips, coarse facial features and dry skin. 
He was notably slow in ambulation. He was said to have 
bronchial asthma at age 15 years, and since then he had been 
taking salbutamol tablets occasionally for bouts of dyspnea 
occurring one to two times annually.

The patient’s symptoms started in 2001 when he was 
reported to have sudden loss of consciousness. During this 
time, the patient did not have any symptoms of heart failure; 
no prior seizures, cyanotic episodes, chest pain, headache, or 
blurring of vision. He regained consciousness shortly after and 
was brought to a private physician, whose assessment was a 
“heart problem”. He was prescribed unrecalled medications 
taken for a few months and eventually discontinued when 
the syncopal episode did not recur.

In the next four years, the patient would develop 
intermittent, progressive exertional dyspnea and bipedal 
edema. later on this would be accompanied by generalized 
body weakness, anorexia, and constipation, severe enough to 

require regular laxative use. There was also a report of two 
more syncopal episodes. He was brought to another doctor 
in a private hospital where the assessment was still a “heart 
problem”. The patient was again prescribed unrecalled 
medications and again was lost to follow-up. This time, 
however, symptoms were persistent. He later consulted at 
another local hospital, where he was admitted and managed 
as a case of anemia and bronchial asthma. He was discharged 
slightly improved after four days, only to have recurrent heart 
failure symptoms, prompting admission at PGH.

Upon admission the patient was in mild respiratory 
distress, with stable vital signs and no note of fever. Pertinent 
physical exam findings included short stature, thick lips, non-
pitting periorbital edema, dry skin, a displaced apical impulse, 
crackles on both lung fields, and bilateral non-pitting bipedal 
edema. There was also a 3 cm x 3 cm reducible umbilical 
hernia. However, there was no pallor, no neck vein distention, 
no apparent congenital malformations, no cardiac murmurs 
and no clubbing. There was also no note of an anterior neck 
mass.

laboratory workup showed cardiomegaly with pulmonary 
congestion, thoracic dextroscoliosis, and atheromatous aorta by 
chest radiograph, and left ventricular hypertrophy by 12-lead 
electrocardiogram (12-l ECG) (Figures 1 and 2), normocytic 
normochromic anemia (Hgb 90 mg/dl), dyslipidemia, and 
pre-renal azotemia (serum creatinine 123 mmol). Electrolytes 
on admission showed slight hyponatremia, hypokalemia, 
and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
considerations were acute pulmonary congestion, nosocomial 
pneumonia, to rule out an acute coronary event. He was later 

 

 
Figure 5. Bending strengths of standard implants versus FEA single rod model  
 

construct. The constructs with bone graft remained intact 
even on 1600 N static axial loading. 1600 N was chosen 
based on the optimum physiologic loading of the 
thoracolumbar spine. The presence of the graft contributed 
to the overall construct stiffness in all instrumentation 
systems. This underlines the importance of the graft in the 
overall construct stiffness. 
 

Conclusion 
Having a realistic mathematical model of the spine and 

instrumentation system would further establish itself as a 
useful adjunct to the experimental approaches for 
investigating clinical problems of the spine and may be used 
to predict biomechanical responses of the spine under 
physiological and trauma loadings.  

The anterior thoracolumbar instrumentation systems 
were designed via 3D finite element modeling technique. 
The mechanical properties for each computer model were 
similar to the instrumentation systems or constructs tested in 
vitro. It provided a repeatable and consistent experimental 
condition controlling dimensional and surgical factors. 
Although the single rod construct has the lowest value, its 
bending strength is comparable to the standard dual Rod 
system. It can therefore resist physiologic burden under 
axial static loading conditions. The comparison of 
instrumentation systems highlights the importance of 
mechanically balanced device design without a weak link in 
the development of instrumentation. In this case, the inter-
positional bone graft, which contributed to overall construct 
stiffness. 
 
Limitations of the study and recommendations 

There are several limitations in this study. FEA 
mechanical analysis was based on synthetic testing. The 
UHMWPE–screw interface is stronger than the bone–screw 
interface, and construct stiffness of the instrumentation 
mounted to human bone would most likely be less than 
what will be measured in this study. This will show some 

contrast to clinical outcome results. We therefore 
recommend that a follow-up study be performed with 
implants mounted on human lumbar vertebrae models to 
closely approximate human cadaveric studies. 

The study only analyzed static or bending strength. 
Other stresses present in the normal load patterns of the 
thoracolumbar segment like shear and rotation stresses as 
well as fatigue testing is recommended in the analysis.  
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transferred to the intensive care unit (ICU) for ventilatory 
support and closer monitoring. on bedside cardiac ultrasound, 
there was a finding of eccentric left ventricular hypertrophy, 
global hypokinesia with depressed overall systolic function 
with concomitant spontaneous echo contrast on left ventricular 
(lV) cavity suggestive of rheologic stasis, the ejection fraction 
was 25%, with moderate mitral regurgitation, moderate 
aortic regurgitation with aortic sclerosis, severe tricuspid 
regurgitation with mild pulmonary hypertension, pulmonary 
regurgitation, and minimal pericardial effusion or pericardial 

fat pad. Cardiac enzymes were not consistent with an acute 
coronary event (Table 3), however, intravenous (IV) heparin 
(overlapping with oral warfarin) was still given to cover for 
the presence of a possible lV thrombus as demonstrated 
by rheologic stasis on cardiac ultrasound. Medications 
were shifted to IV diuretics and inotropes; oral digoxin was 
started. IV antibiotics were given for possible pulmonary 
infection. The patient later on showed improvement, and was 
eventually weaned off from ventilatory support, extubated, 

Table 1. Initial laboratory Results

WBC
RBC
HGB
HCT
MCV
MCH
MCHC
RDW
PlT
RETIC
SEG
lYMPH
MoNo
Eo
BASo
BlAST

CBC

Reference 
Value
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0.005-0.015
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0%

Result

4.5
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P
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53-115
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1.1-3.8
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15-37
30-65

140-148
3.6-5.2
100-108
2.12-2.52

0.74-1

Result
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0.82
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o2 sat
Fio2
Temp

7.408

49.1
70

31.3
93.6
21%
36.9

ABG

PBS
Slight poikilocytosis, 
acanthocytes, ovalocytes, 
slight toxic granulation, 
slight anisocytosis

Table 2. Thyroid Function Tests

Free T4
TSH

(0.8-2.0)
(0.4-6.0)

0.02 ng/dl   
24.75 Uiu/ml

Reference  Value Result

Figure 1. Electrocardiogram upon admission 

Table 3. Cardiac Enzymes

Qualitative 
Troponin I
CK-MB
CK-ToTAl

0-6.0
21-232

PoSITIVE

1.14
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Reference Range (mmoL) Result

Figure 2. Chest radiograph on admission
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OPERATIONAL DEFINITION OF TERMS 
 
Anterior column  – anterior two thirds of vertebral body, anterior 

part of annulus fibrosus and anterior longitudinal ligament. 
Axial loading – a force with its resultant vector passing thru the 

centric of the particular section and being perpendicular to 
the plane of section. Or force passing thru the longitudinal 
axis. 

Bending strength – the ability of a structural member to resist 
breakage when subject to one or more external forces that 
cause it to bend. 

Finite Element Analysis – consists of a computer model of a 
material or design that is stressed and analyzed for specific 
results. It is used to predict the life of a material or structure 
by showing the effects of cyclic loading on the specimen 
exemplified by fatigue analysis. It can be used in predicting 
failure due to unknown stresses by showing problem areas in 
a material and allowing designers to see all of the theoretical 
stresses within. 

Three column injury – instability or disruption of the anterior, 
middle and posterior columns of the vertebra. 

Unstable anterior Thoraco-lumbar fracture – instability or 
disruption of the anterior and middle column elements of the 
thoracolumbar segment with intact posterior column.  

Vertebral corpectomy – partial or complete removal of the vertebral 
body. 


