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Summary 
Background: The paper aimed to explore the significance
of serum soluble ST2 (sST2) and circulating cell-free DNA
(cfDNA) in predicting cardiac functions in children with
severe pneumonia complicated by myocardial damage. 
Methods: This case series study evaluated the serum sST2
and cfDNA levels of 60 children with severe pneumonia
complicated by myocardial damage, assessing clinical
data, biomarker levels, and cardiac function. 
Results: We analyzed data from a cohort of 60 patients with
a mean age of 4.47±1.88 years and a male: female ratio
of 28:32. At baseline, patients had elevated levels of serum
biomarkers, including sST2 and cfDNA, which were asso-
ciated with cardiac function parameters and clinical out-
comes. After 6 months, patients showed significant corre-
lations between sST2, cfDNA, and cardiac function
parameters, including left ventricular end-diastolic diame-
ter (LVEDd), left ventricular end-systolic diameter (LVESd),
and E/A ratio. Multivariate analysis revealed that higher
levels of sST2 and cfDNA were associated with increased
LVEDd, LVESd, and E/A ratio, as well as a lower likelihood
of improvement and a higher likelihood of 6-month read-
mission. 
Conclusions: These findings suggest that sST2 and cfDNA
may be useful biomarkers for predicting cardiac function
and outcomes in this patient population.

Keywords: sST2, cfDNA, severe pneumonia complicated
by myocardial damage, cardiac functions 

Kratak sadr`aj
Uvod: Rad je imao za cilj da istra`i zna~aj serumskog
rastvorljivog ST2 (sST2) i slobodne cirkuli{u}e DNK
(cfDNA) u predvi|anju sr~anih funkcija kod dece sa te{kom
upalom plu}a, komplikovanom o{te}enjem miokarda.
Metode: Ova studija serije slu~ajeva je izvr{ila evaluaciju
nivoa serumskog sST2 i cfDNK kod {ezdesetoro dece sa
te{kom upalom plu}a komplikovanom o{te}enjem mio -
karda, analiziraju}i klini~ke podatke, nivoe biomarkera i
sr~ane funkcije.
Rezultati: Analizirali smo podatke iz grupe od 60 pacijenata
sa prose~nom staro{}u od 4,47±1,88 godina i odnosom
mu{ko:`enski – 28:32. Na po~etku studije, pacijenti su
imali povi{ene nivoe serumskih biomarkera, uklju~uju}i
sST2 i cfDNA, koji su bili povezani sa parametrima sr~ane
funkcije i klini~kim ishodima. Nakon {est meseci, kod paci-
jenata su uo~ene zna~ajne korelacije izme|u sST2, cfDNA
i parametara sr~ane funkcije, uklju~uju}i krajnji dijastolni
pre~nik leve komore (LVEDd), krajnji sistolni pre~nik leve
komore (LVESd) i E/A racio. Multivarijantna analiza je
pokazala da su vi{i nivoi sST2 i cfDNA bili povezani sa
pove}anim LVEDd, LVESd i raciom E/A, kao i sa manjom
verovatno}om pobolj{anja stanja i ve}om verovatno}om
ponovnog prijema u bolnicu u roku od {est meseci.
Zaklju~ak: Ovi rezultati ukazuju da sST2 i cfDNA mogu da
budu korisni biomarkeri za pedvi|anje sr~ane funkcije i
ishoda u ovoj populaciji pacijenata.

Klju~ne re~i: sST2, cfDNA, te{ka upala plu}a, kompliko-
vana o{te}enjem miokarda, sr~ane funkcije
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Introduction 

Severe pneumonia is a common serious respira-
tory disease in paediatrics, and one of its complica-
tions is myocardial damage, which not only increases
the mortality of children but also affects their long-
term health (1, 2). Therefore, effective prevention
and treatment of severe pneumonia complicated with
myocardial damage is of great significance in advanc-
ing children’s therapeutic effect and mass of life (3,
4). It also causes a series of diseases like arrhythmia,
increasing the risk of heart failure and sudden death
in children (5). Therefore, monitoring and preventing
cardiac function decrease in children with severe
pneumonia is of great clinical value. Serum sST2 and
cfDNA, as emerging biomarkers in recent years, have
shown important potential applications in the diagno-
sis and prognosis evaluation of heart diseases (6).
SST2 is a marker related to cardiac stress and inflam-
matory reaction, and the increase in its level is closely
related to the increased risk of myocardial injury and
heart failure (7). CfDNA is a free DNA fragment
released into the blood by apoptosis or necrosis, and
its level in myocardial injury is also of great signifi-
cance (8, 9). Severe pneumonia complicated with
myocardial damage is a serious clinical situation, and
when it happens, the prognosis of patients is often
more unfavourable (10–12). In the context of severe
pneumonia, the atrium may be damaged by an
inflammatory reaction, which can be detected by
changes in the electrocardiogram, increased cardiac
biomarkers, or changes in cardiac imaging technolo-
gy (such as echocardiography) (13, 14). Severe pneu-
monia affects the lungs and causes a systemic inflam-
matory reaction, which affects the heart function and
then leads to myocardial damage (15). In this case,
the level changes of sST2 and cfDNA can provide
important information for the clinic. SST2 is a bio-
marker closely related to cardiac stress and inflamma-
tion, which rises during myocardial stress and can
reflect myocardial cells’ stress state and degree of
inflammation. The increase in sST2 level is closely
related to the prognosis of heart diseases, so monitor-
ing sST2 level in children with severe pneumonia
complicated with myocardial damage can help evalu-
ate cardiac involvement’s degree and prognosis (16,
17). The combined monitoring of these two markers
provides a new perspective and method for assessing
myocardial damage and cardiac functions. Against
this background, this study aimed to explore the influ-
ence of serum sST2 and cfDNA on predicting cardiac
functions in children with severe pneumonia compli-
cated with myocardial damage. 

Materials and Methods 

This was a case series study from April 2021 to
December 2023 in which 60 children with severe
pneumonia complicated with myocardial damage
were recruited as the research object before being

included in the study. The patient or their guardian
informed consent and signed the study consent form.

Entry criteria were as follows:  participants are
between 1 and 15 years old; a diagnosis of severe
pneumonia confirmed by a doctor; cardiac ultrasound
or other related examination confirmed the existence
of myocardial damage. We obtained the written
informed consent of parents or legal guardians.
There were no other major acute or chronic medical
conditions except severe pneumonia and myocardial
damage. Parents or guardians agreed and could
make children participate in long-term follow-up. 

Exclusion criteria were: known chronic heart dis-
ease or myocarditis diagnosed before; at the same
time, there were other serious systemic diseases, such
as advanced nephropathy, severe liver disease or
malignant tumour; recently (within 3 months)
received treatment from other clinical trials; unable to
obtain reliable blood samples or imaging data.

Our hospital’s Ethics Committee approved this
study. The patient or their guardian was informed of
the research content and was willing to cooperate
with the doctor.

Outcomes and measures 

ELISA was used to test the serum sST2 and
cfDNA levels and the markers of troponin, IL-6 and
TNF-a. These data helped to evaluate the inflamma-
tory state and its changes after interventions. Cardiac
function parameters such as LVEDd, LVESd and E/A
ratio were collected by echocardiography to assess
patients’ cardiac function changes after treatments.
In addition, this study also compared the improve-
ment rate of cardiac function, the remission rate of
cardiac functions and the hospitalization rate within 6
months. 

Statistical analysis

In this study, all the data were processed by
SPSS20.0 statistical analysis software (IBM); the
measurement data were measured by »mean ± stan-
dard deviation« (± s), one-way analysis of variance or
repeated measures, LSD-t-test, the count data were
calculated by percentage (%), and c2; P<0.05 repre-
sents statistical significance.

Results

Our cohort of patients had male:female ratio of
28:32, the mean age was 4.47±1.88 years, the
mean height was 118.49±3.52 cm, and the average
weight was 24.46±2.69 kg, among which 3 patients
had a family history of heart disease, and 1 case had
previous heart and lung history (Table I).
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The correlation matrix shows several significant
relationships between the variables. Age, Height, and
Weight are highly correlated with each other
(r>0.85), indicating that they tend to increase
together. sST2, cfDNA, CRP, cTn, IL-6, and TNF-a
are highly correlated (r>0.60), suggesting that they

tend to increase together. These variables are all
related to inflammation and cardiac function. EF is
negatively correlated with LVEDd, LVESd, and E/A
Ratio (r<-0.65), indicating that these variables tend
to decrease as EF increases.

Category Unit Baseline 6 month follow up

Gender Male: 
Female 1.188889

Age years 4.47±1.88

Height cm 118.49±3.52

Weight kg 24.46±2.69

Family History of Heart Disease % 3 (5.00%)

Past Medical History of Heart and Lung % 1 (1.66%)

sST2 ng/mL 30.46±3.21 28.71±2.65

cfDNA ng/mL 11.45±1.37 10.33±1.20

CRP mg/L 21.45±1.63 18.61±1.44

cTn ng/mL 0.06±0.01 0.05±0.02

IL-6 pg/mL 26.38±2.59 23.28±2.16

TNF-a pg/mL 28.57±3.11 24.31±2.55

EF % 55.49±3.51

LVEDd mm 40.63±2.88

LVESd mm 29.56±2.35

E/A Ratio ratio 1.27±0.10

Improvement Rate of Cardiac Function % 0.5

Remission Rate of Cardiac Functions % 0.45

6-month Readmission Rate % 0.2833

Table I Detailed information on single nucleotide polymorphisms (SNPs) related to leakage factors and outcome factors.

Figure 1 Correlation matrix of study variables (r values of Pearson correlation is shown).
**: p < 0.01, *: p < 0.05



We found significant associations between serum
biomarkers, echocardiographic parameters, and clini-
cal outcomes. For every 1 ng/mL increase in serum
soluble ST2 (sST2), there were significant increases in
left ventricular end-diastolic diameter (LVEDd, b=0.43,
95% CI: 0.21–0.65, p<0.05), left ventricular end-sys-
tolic diameter (LVESd, b=0.31, 95% CI: 0.12–0.50,
p<0.05), and E/A ratio (b=0.21, 95% CI: 0.08–0.34,
p<0.05). Similarly, every 1 ng/mL increase in circulat-
ing cell-free DNA (cfDNA) was associated with signifi-
cant increases in LVEDd (b=0.35, 95% CI: 0.15–0.55,
p<0.05), LVESd (b=0.26, 95% CI: 0.09–0.43,
p<0.05), and E/A ratio (b=0.18, 95% CI: 0.05–0.31,
p<0.05). Furthermore, higher levels of sST2 and
cfDNA were associated with a lower likelihood of
improvement (sST2: odds ratio = 1.23, 95% CI: 1.05–
1.44, p<0.05; cfDNA: odds ratio = 1.18, 95% CI:
1.02–1.36, p<0.05) and a higher likelihood of 6-
month readmission (sST2: odds ratio = 1.50, 95% CI:
1.20–1.88, p<0.05; cfDNA: odds ratio = 1.38, 95%
CI: 1.12–1.70, p<0.05).

Discussion

Our results showed that higher levels of sST2
and cfDNA were associated with increased left ven-
tricular end-diastolic diameter (LVEDd), left ventricu-
lar end-systolic diameter (LVESd), and E/A ratio, as
well as a lower likelihood of improvement and a high-
er likelihood of 6-month readmission.

Our results align with previous studies demon-
strating the prognostic value of sST2 in pediatric car-
diac diseases. For instance, elevated sST2 levels have
been associated with an increased risk of adverse
events in pediatric dilated cardiomyopathy (PDCM)
(17). Similarly, sST2 is a useful biomarker for predict-
ing cardiac outcomes in adult patients with complex
congenital heart disease (17). Our study extends
these findings by demonstrating the potential of sST2
as a biomarker in children with severe pneumonia
complicated by myocardial damage.

The analytical performances of sST2 assays
have been previously evaluated, and reference inter-
vals have been established for children and adoles-
cents (18). Our study highlights the clinical applica-
tion of sST2 as a biomarker, demonstrating its

potential in predicting cardiac function and outcomes
in pediatric patients.

The mechanisms underlying the association
between sST2 and cardiac outcomes are not fully
understood. However, it is thought that sST2 may
reflect the degree of cardiac stress and inflammation,
which are common in pediatric cardiac diseases (19).
Further studies are needed to fully elucidate the
mechanisms underlying the association between
sST2 and cardiac outcomes.

The use of cfDNA as a biomarker in pediatric
cardiac diseases is a growing area of research. A
recent Tanem et al. (20) study demonstrated that
nuclear cell-free DNA (ncfDNA) kinetics can predict
adverse events after pediatric cardiothoracic surgery.
The study found elevated preoperative ncfDNA was
strongly associated with postoperative arrest and
extracorporeal membrane oxygenation. Our study
builds on this research by investigating the role of
cfDNA in predicting cardiac functions in children with
severe pneumonia complicated by myocardial dam-
age. Another study by Richmond et al. (21) validated
donor fraction cell-free DNA as a noninvasive test to
assess the risk of acute cellular rejection and anti-
body-mediated rejection after heart transplantation in
pediatric and adult recipients. The study found that
donor fraction cell-free DNA at a threshold of 0.14%
had excellent negative predictive value for detecting
rejection. While our study focused on the use of
cfDNA in predicting cardiac functions, these studies
collectively highlight the potential of cfDNA as a bio-
marker in pediatric cardiac diseases. 
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Table II Multiple Linear Regression Analysis of Serum sST2 and cfDNA on Cardiac Function Parameters at 6-Month Follow-
up and Logistic Regression of Serum sST2 and cfDNA on Improvement and Readmission Rates.

LVEDd (mm) LVESd (mm) E/A Ratio Improvement Rate 6-month Readmission

b (95% CI) b (95% CI) b (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI)

Serum sST2 (ng/mL) 0.43 (0.21–0.65)* 0.31 (0.12–0.50)* 0.21 (0.08–0.34)* 1.23 (1.05–1.44)* 1.50 (1.20–1.88)*

cfDNA (ng/mL) 0.35 (0.15–0.55)* 0.26 (0.09–0.43)* 0.18 (0.05–0.31)* 1.18 (1.02–1.36)* 1.38 (1.12–1.70)

**Significant at p<0.05
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Summary 
Background: This study aimed to compare the efficacy of
Denosumab (DEN) versus Zoledronic acid (ZOL) in treat-
ing patients with osteoporotic vertebral compression frac-
tures (OVCF) after percutaneous kyphoplasty (PKP). 
Methods: In this study, 128 OVCF patients who underwent
PKP in our hospital from June 2019 to August 2022 were
selected and randomized into a DEN group treated with
DEN and a ZOL group treated with ZOL. Bone mineral
density (BMD), bone metabolism, pain, and lumbar mobil-
ity were compared between the two groups before and
after treatment, and the anterior vertebral height and local
kyphotic angle were measured. Finally, the one-year re-
fracture rate and treatment cost were counted. 
Results: The two groups showed no notable difference in
pain, lumbar mobility, anterior vertebral height, and local
kyphotic angle after treatment (P>0.050). BMD was high-
er in the DEN group at 6 and 12 months after treatment,
while b isomer of C-terminal telopeptide of type I collagen
(b-CTX) was lower (P<0.050). No statistical inter-group
difference was identified in the one-year re-fracture rate
(P>0.050), while the total treatment cost was lower in the
DEN group compared with ZOL group (P<0.050). 
Conclusions: DEN and ZOL effectively improve the progno-
sis of OVCF patients after PKP, but DEN can more signifi-
cantly improve BMD and bone metabolism with higher
economic benefits.

Kratak sadr`aj
Uvod: Cilj ove studije bio je da uporedi efikasnost deno-
sumaba (DEN) i zoledronske kiseline (ZOL) u le~enju paci-
jenata sa osteoporotskim kompresionim frakturama
pr{ljenova (OVCF) nakon perkutane kifoplastike (PKP).
Metode: U ovoj studiji, odabrano je i nasumi~no podeljeno
u grupu koja je le~ena denosumabom (DEN) i grupu koja
je le~ena zoledronskom kiselinom (ZOL) 128 pacijenata sa
osteoporotskim kompresionim frakturama pr{ljenova
(OVCF) koji su pro{li perkutanu kifoplastiku (PKP) u na{oj
bolnici od juna 2019. do avgusta 2022. godine. Gustina
minerala u kostima (BMD), metabolizam kostiju, bol i
pokretljivost lumbalne ki~me su upore|ivani izme|u dve
grupe pre i posle le~enja, a mereni su visina prednje strane
pr{ljena i lokalni kifoza~ni ugao. Na kraju su izra~unati broj
fraktura nakon jedne godine i tro{kovi le~enja.
Rezultati: Dve grupe nisu pokazale zna~ajne razlike u bolu,
pokretljivosti lumbalne ki~me, visini prednje strane pr{ljena
i lokalnom kifoza~nom uglu nakon le~enja (P>0,050).
Gustina minerala u kostima (BMD) bila je vi{a u grupi
le~enoj denosumabom (DEN) na 6 i 12 meseci nakon
le~enja, dok je b izomer C-terminalnog telopetida tipa I
kolagena (b-CTX) bio ni`i (P<0,050). Nije utvr|ena sta-
tisti~ki zna~ajna razlika izme|u grupa u broju preloma
nakon jedne godine (P>0,050), dok su ukupni tro{kovi
le~enja bili ni`i u grupi le~enoj denosumabom u pore|enju
sa grupom le~enom zoledronskom kiselinom (P<0,050).
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Introduction 

Osteoporosis (OP) is an age-related metabolic
bone disease whose incidence increases with age (1).
Statistics show that in 2016, the incidence of OP in
the global population over 60 years old was above
36% (2). As of 2022, the global cumulative number
of OP cases has exceeded 200 million, and the World
Health Organization predicts a rising prevalence of
OP in the coming decades (3). Patients with OP are
highly susceptible to fractures due to bone loss, bone
microstructure destruction, and increased bone brit-
tleness, among which osteoporotic vertebral com-
pression fractures (OVCF) are the most common,
with over 40% of OP patients experiencing OVCF (4).
OVCF can cause severe pain and difficulty in turning
over while affecting the operation of cardiopulmonary
function due to spinal compression (5). In clinical
practice, percutaneous kyphoplasty (PKP), a repeat-
edly validated procedure with its effectiveness and
safety, has been advocated for OVCF (6, 7). Following
PKP, the administration of bone resorption drugs or
osteogenic agents is typically required to enhance
patient prognosis and facilitate rehabilitation.

Among them, Denosumab (DEN) is an inhibitor
of the receptor activator of nuclear factor kappa B lig-
and (RANKL) – the main medium for osteoclast dif-
ferentiation, activation and survival. DEN can inter-
fere with the binding of RANKL to its receptors,
inhibit osteoclast formation, and balance bone
absorption and bone formation (8). While Zoledronic
acid (ZOL) is a bisphosphonate with the strongest
pharmacological activity, which exerts anti-bone reab-
sorption by inhibiting farnesyl diphosphate synthases
(9). Both DEN and ZOL have achieved excellent
results in treating OVCF patients after PKP (10, 11).
However, few studies have compared their advan-
tages and disadvantages in treating OVCF, so their
application choice remains controversial.

Hence, this study compares the clinical efficacy
of DEN and ZOL treatments for OVCF, offering
insights and guidance for future clinical OVCF man-
agement.

Materials and Methods

Participants

A total of 167 patients who had OVCF and
underwent PKP at our hospital between June 2020
and August 2023 were selected as the research par-
ticipants. These patients met the inclusion criteria,
which established that they were diagnosed with
OVCF through imaging examinations (12), received
PKP surgery at our institution (13), and consented to
be part of this study with complete medical records.
Subsequently, 128 patients were included after
excluding individuals who had pathological fractures
due to malignancies or metabolic osteopathy, drug-
induced osteoporosis resulting from prolonged hor-
mone use, vertebral burst fractures associated with
spinal cord injury and nerve compression, previous
vertebral compression fractures, fractures in other
areas, multi-level thoracolumbar compression frac-
tures, or those medically unfit for surgery due to age
or underlying health conditions. Then, using a ran-
dom number table, they were divided into a DEN
group (n=64) and a ZOL group (n=64) for DEN and
ZOL therapy, respectively. This study has obtained
approval from our hospital’s ethics committee and
informed consent from all participants (No.23-city-
21).

Surgical plan

After admission, all patients were given sympto-
matic treatment such as analgesia, fluid replacement,
and postural reduction. The same surgical team per-
formed PKP after a comprehensive preoperative rou-
tine examination. The patient is placed on the operat-
ing table and equipped with monitoring equipment to
track vital signs. Local anesthesia, along with intra-
venous sedation, is typically administered to ensure
the comfort and safety of the patient during the pro-
cedure. The surgeon utilizes X-ray guidance (Nanjing
Puai Medical Equipment Co., Ltd., PLX112C) to
direct specialized puncture needles through the skin
and soft tissues into the affected vertebrae. Usually
crafted from rigid materials, these needles offer pre-
cise control and guidance. Once the needles are
inserted into the fractured vertebrae, the surgeon uti-

Keywords: osteoporotic vertebral compression fractures,
serum bone alkaline phosphatase (BAP), total procollagen
type 1 amino-terminal propeptide (TP1NP), bone gamma
carboxy-glutamic acid containing proteins (BGP), deno-
sumab, zoledronic acid, Bone mineral density, clinical safe-
ty, economic benefits

Zaklju~ak: DEN i ZOL efikasno pobolj{avaju prognozu
pacijenata sa osteoporotskim kompresionim frakturama
pr{ljenova (OVCF) nakon PKP, ali DEN mo`e zna~ajnije
pobolj{ati gustinu minerala u kostima (BMD) i metabolizam
kostiju uz ve}e ekonomske koristi.

Klju~ne re~i: osteoporotske kompresione frakture
pr{ljenova, serumska alkalna fosfataza kostiju (BAP), ukup-
ni prokolagen tipa 1 aminoterminalni propeptid (TP1NP),
proteini koji sadr`e gama-karboksiglutaminsku kiselinu
(BGP), denosumab, zoledronska kiselina, gustina minerala
u kostima, klini~ka bezbednost i ekonomska korist
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lizes a special expander to pre-expand them, ensuring
ample and stable space for injecting bone cement.
Following the pre-dilatation procedure, a molded bal-
loon (typically composed of polyethylene or polyester)
is inserted through the puncture needle and posi-
tioned within the vertebral body. The vertebral body
within the compressed fracture segment is realigned
by inflating the balloon. Subsequently, bone cement
injection is performed, wherein polymethylmethacry-
late (PMMA) is injected into the balloon via a punc-
ture needle. This injection process enables the bone
cement to fill the cavity, solidify, and stabilize the com-
pressed fractured vertebrae. Postoperatively, all
patients were managed according to our depart-
ment’s painless ward management model and were
given ECG monitoring, routine fluid rehydration, and
other treatment programs. In addition, routine X-rays
and plain CT scans were performed to check for any
leakage of bone cement. All patients were followed
up once a month for one year.

Treatments

After the operation, the DEN group was given
subcutaneous injections of DEN (60 mg) twice a year.
While patients in the ZOL group were intravenously
infused with 5 mg of ZOL once a year. All patients
were supplemented with vitamin D3 (125 IU) and
calcium carbonate (600 mg) daily during the treat-
ment. Both groups were treated continuously for one
year.

Endpoints

(1) Surgical results and postoperative adverse
reactions were analyzed. (2) Bone mineral density
(BMD) of the lumbar spine L1-L4 was detected by X-
ray BMD meter before surgery and 6 months and 12
months after treatment. In addition, the patient’s fast-
ing cubital vein blood was collected for enzyme-linked
immunosorbent assays (ELISAs) of bone alkaline

phosphatase (BAP), total procollagen type 1 amino-
terminal propeptide (TP1NP), bone gamma carboxy-
glutamic acid containing proteins (BGP), and b iso-
mer of C-terminal telopeptide of type I collagen
(b-CTX). Besides, pain assessment was made using
the Visual Analogue Scale (VAS; on a 10-point scale,
higher scores suggest more obvious pain) (14), and
lumbar mobility evaluation was performed with the
Japanese Orthopaedic Association (JOA) score (score
range: 0–29 points; higher scores indicate better
lumbar mobility) (15). Moreover, the anterior verte-
bral height (the distance between the upper and
lower laminae of the anterior margin of the injured
vertebra) and local kyphotic angle (i.e. the angle
between the extension along the endplate of the frac-
tured vertebral body and the intersection of the two)
were measured. (3) The one-year re-fracture rate and
the total treatment cost were counted.

Statistical methods

This study imported data into SPSS24.0 for sta-
tistical analysis, with P<0.050 as the threshold of sta-
tistical significance. Categorical variables were pre-
sented in the form of (n (%)), and the chi-square test
was used for inter-group comparisons. Continuous
variables, described as (⎯x±s), were compared
between groups using the independent sample t-test
and among multiple groups using one-way analysis of
variance (ANOVA) plus least significant difference
(LSD) intra-group test.

Results

The two groups were not obviously different in
clinical data

To ensure the reliability of the research results,
we first compared the baseline data of patients, such
as age, sex, duration of OP, and fracture site. We
found no significant inter-group difference (all
P>0.050, Table I).

Table I Clinical baseline information.

Group Male Female Age Duration of OP
(years) Lumbar fracture Thoracic fracture

DEN (n=64) 26 (40.63) 38 (59.38) 68.59±8.16 7.44±3.45 34 (53.13) 30 (46.88)

ZOL (n=64) 22 (34.38) 42 (65.63) 66.83±5.56 7.61±2.76 38 (59.38) 26 (40.63)

c2 (t) 0.533 1.431 0.311 0.508

P 0.465 0.155 0.756 0.476



Surgical conditions

All patients successfully completed the opera-
tion, with no vascular or nerve injury during the oper-
ation or postoperative infections. Adverse reactions
occurred in 12.50% of patients in the DEN group and
15.63% in the ZOL group, with no significant inter-
group difference in the total incidence of postopera-
tive adverse reactions (P=0.611, Table II).

The DEN group had a better prognosis than the
ZOL group

The two groups showed no evident difference in
BMD before treatment (P=0.112). BMD in both
groups increased after 6 months of treatment, with a
higher level in the DEN group versus the ZOL group
(P<0.001). After 12 months of treatment, the BMD
of both groups increased further, especially in the
DEN group (P>0.001, Figure 1).
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Figure 1 Comparison of BMD. Note: vs before treatment
#P<0.050, vs 6 months after treatment &P<0.050, vs ZOL
group *P<0.050.

Figure 2 Comparison of bone metabolism. A: comparison of BAP, B: comparison of TP1NP, C: comparison of b-CTX, D: com-
parison of BGP. Note: vs before treatment #P<0.050, vs 6 months after treatment &P<0.050, vs ZOL group *P<0.050.

Table II Postoperative adverse effects.

Group Lower back pain Chest tightness Cement leakage Cement rejection Lower extremity
numbness Total incidence

DEN (n=64) 3 (4.69) 2 (3.13) 1 (1.56) 0 (0.0) 2 (3.13) 8 (12.50)

ZOL (n=64) 3 (4.69) 3 (4.69) 1 (1.56) 1 (1.56) 2 (3.13) 10 (15.63)

c2 0.259

P 0.611



DEN group showed lower prognostic bone
metabolism than the ZOL group

Similarly, no statistical significance was found in
the results of bone metabolism indexes between the
two groups before treatment (all P>0.050). After 6
months and 12 months of treatment, BAP, TP1NP,
and BGP in the DEN group were not different from
those in the ZOL group (all P>0.050), but b-CTX
was lower (P<0.050). The bone metabolism indexes
of both groups decreased after treatment and
reached the lowest values at 12 months (all
P<0.050, Figure 2).

There was no difference between the two groups
in pain and lumbar mobility

No evident differences were found in the scores
of VAS and JOA between the two groups before sur-
gery and 6 and 12 months after treatment (all
P>0.050). The VAS score decreased after treatment
in both groups, while the JOA score increased (all
P<0.050, Figure 3).
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Figure 2 Comparison of bone metabolism. A: comparison of BAP, B: comparison of TP1NP, C: comparison of β-CTX, D: com-
parison of BGP. Note: vs before treatment #P<0.050, vs 6 months after treatment &P<0.050, vs ZOL group *P<0.050.

Figure 3 Comparison of pain and lumbar mobility. A: comparison of VAS, B: comparison of JOA. Note: vs before treatment
#P<0.050, vs 6 months after treatment &P<0.050.



There was no difference in vertebral conditions
between the two groups

The two groups were not statistically different in
anterior vertebral height and kyphotic angle before
and after treatment (all P>0.050). In both groups,
the anterior vertebral height increased after 6 and 12
months of treatment, and the kyphotic angle
decreased (all P<0.050, Figure 4).

The two groups showed no marked difference in
the recurrence rate

The one-year re-fracture rate was 3.13% in the
DEN group and 4.69% in the ZOL group, showing no
significant difference in the prognostic re-fracture rate
(P=0.648, Table III).

Comparison of economic benefits

Finally, by analyzing the treatment costs of the
two groups, it was found that the treatment cost of
the DEN group was (34303.42±465.84) yuan, while
that of the ZOL group was (38446.59±644.68)
yuan. Compared with the ZOL group, the treatment
cost of the DEN group was lower (P<0.001, Figure
5).

Discussion

In this study, we observed that DEN has a more
significant positive impact on bone metabolism and
BMD in patients with OVCF compared to ZOL, indi-
cating its higher clinical utility.

When comparing BMD and bone metabolism, it
was found that DEN led to higher BMD (BMD at 6 and
12 months of treatment in the DEN group was
0.84±0.12 g/cm2 and 0.84±0.12 g/cm2, BMD at 6
and 12 months of treatment in the ZOL group was
0.72±0.10 g/cm2 and 0.88±0.07 g/cm2, all
P<0.001) and lower b-CTX (b-CTX at 6 and 12
months of treatment in the DEN group was
0.28±0.07 ng/mL and 0.17±0.05 ng/mL, b-CTX at
6 and 12 months of treatment in the ZOL group was
0.37±0.05 ng/mL and 0.25±0.06 ng/mL, all
P<0.001) after 6 and 12 months of treatment, indi-
cating that DEN has a better effect on improving BMD
and bone metabolism in OVCF patients. As a third-
generation bisphosphonate, the mechanism of ZOL is
to replace P-O-P in the pyrophosphate structure that is
easily hydrolyzed by enzymes in vivo with P-C-P, syn-
thesizing stable compounds that are not easily
hydrolyzed by enzymes in the body (16). The drug
plays an anti-bone reabsorption role by inhibiting
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Table III Prognostic 1-year re-fracture rate.

Group Re-fracture No-fracture

DEN (n=64) 2 (3.13) 62 (96.88)

ZOL (n=64) 3 (4.69) 61 (95.31)

c2 0.208

P 0.648

Figure 4 Comparison of vertebral conditions. A: comparison of anterior vertebral height; B: comparison of local kyphotic angle.
Note: vs before treatment #P<0.050, vs 6 months after treatment & P<0.050.

Figure 5 Comparison of economic benefits. Note:
*P<0.001.



osteoclast function and reducing the osteoclast count,
thus lowering the risk of osteoporotic fractures (17).
DEN can directly inhibit the formation and function of
osteoclasts by inhibiting the binding of RANKL to its
receptors, thereby reducing bone resorption (18). As
is well known, b-CTX is one of the downstream syn-
thetic products of RANKL (19). Therefore, DEN has a
more direct and rapid inhibitory effect on b-CTX.
Meanwhile, since inhibiting ZOL to osteoclasts
requires binding to bone minerals, the strong affinity
for hydroxyapatite may limit the uniform distribution of
ZOL in bone (20). DEN, on the other hand, is a circu-
lating antibody that reaches all parts of the bone,
especially deep in the bone (21), and thus may have a
stronger inhibitory effect on bone remodelling than
ZOL. This may also be one of the reasons why the
improvement of BMD and bone metabolism in the
ZOL group was not as significant as that in the DEN
group. In the comparison of pain (DEN group were
6.97±0.89, 2.50±0.71, 2.23±0.53 before treat-
ment, 6 months and 12 months of treatment, respec-
tively, ZOL group were 7.20±0.80, 2.61±0.66,
2.23±0.50 before treatment, 6 months and 12
months of treatment, respectively, all P>0.050) and
lumbar spine mobility (DEN group were 9.92±1.21,
26.23±1.54, 27.13±0.83 before treatment, 6
months and 12 months of treatment, respectively,
ZOL group were 10.23±1.47, 26.36±1.38, 27.30±
0.66 before treatment, 6 months and 12 months of
treatment, respectively, all P>0.050) before and after
treatment and the re-fracture rate (DEN group:
3.13%, ZOL group: 4.69%, P=0.648), we found no
significant difference between DEN and ZOL, sug-
gesting that both drugs have ideal and stable effects
on lumbar rehabilitation in patients with OVCF, which
is consistent with many research results (22, 23) and
highlights the excellent application value of the two in
the treatment of OVCF. Therefore, we still cannot
completely ignore other advantages of ZOL, such as
convenient intravenous administration and high
bioavailability, especially for patients with severe gas-
trointestinal intolerance or poor oral absorption. In
addition, it has a long half-life and can be used once
a year, improving patient compliance. However, when
using ZOL, we should also note that ZOL is only appli-
cable to patients with primary OP, creatinine clearance
35 mL/min, and no abnormalities in blood calcium.
In addition, proper hydration should be performed
before and after medication to reduce the occurrence
of adverse reactions. Approximately 39% of ZOL is
excreted from the kidneys in its original form, requir-
ing the patient to have good renal function. Moreover,
blood calcium may fluctuate after ZOL use, so calci-
um and vitamin D supplementation are required after
medication to prevent hypocalcemia.

On the other hand, when comparing the eco-
nomic impact, the treatment cost in the DEN group
was significantly lower at 34,303.42±465.84 yuan
compared to the ZOL group at 38,446.59±644.68
yuan (P<0.001). This variance is primarily attributed
to DEN’s lower market cost than ZOL. However, the
results may also be underrepresented because China’s

health system allows patients to use citizen health
insurance to cover most of the cost of treatment. So,
the differences in the economic effects of DEN versus
ZOL for OVCF need to be comprehensively evaluated
using case reports from more countries.

However, this study’s small number of cases
may have contributed to the chance of results. At the
same time, DEN and ZOL are both drugs that inhibit
osteoclast activity. Still, this paper does not discuss the
therapeutic effect of drugs that promote osteoclast
activity (such as teriparatide). This is due to the high
cost of such drugs, the greater economic burden on
patients, and the need to inject once a day, making it
difficult to ensure long-term follow-up. In the future,
we also need to complement the advantages and dis-
advantages of different drugs in OVCF further in con-
junction with other studies.

In combination, both DEN and ZOL exhibit a
consistent, safe, and efficacious capability in enhanc-
ing outcomes for patients with OVCF following PKP,
leading to effective pain relief and enhancement of
lumbar function recovery. Particularly, DEN demon-
strates superior efficacy in enhancing BMD and bone
metabolism in OVCF patients, offering cost-effective
treatment and notable economic advantages, thus
warranting its recommendation as the preferred
option for clinical application.
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