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ABSTRACT 
Background: Periodontal diseases are common in patients with blood maladies, including chronic myeloid leukemia 
(CML). Yet, its effect on the periodontium is not well comprehended. Aim: This study assessed periodontal health in 
Iraqi CML patients using two key indices, gingival index (GI) and loss of attachment (LOA), and examined their cor-
relation with white blood cell (WBC) counts. Methodology: A cross-sectional study was conducted with 100 participants, 
including 50 CML patients and 50 age-and gender-matched healthy controls. GI and LOA were measured, and WBC 
counts were collected for the CML group to explore their association with periodontal health. Results: CML patients 
showed significantly worse GI and LOA scores compared to controls (p < 0.05). A positive correlation was also found 
between WBC counts and the severity of periodontal disease in the CML group. Systemic inflammation and factors 
like tyrosine kinase inhibitor (TKI) therapy may contribute to this decline. Conclusion: CML patients are more likely to 
develop periodontal disease, emphasizing the necessity for integrated care that deal with both oral and systemic 
health. Comprehensive periodontal treatment and education, particularly in resource-limited settings like Iraq, are 
essential to improving the overall quality of life for these patients. 
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1. INTRODUCTION 
 
Chronic myeloid leukemia (CML) (also known as 
chronic myelogenous leukemia, chronic granulo-
cytic leukemia) is a clonal malady that arises from 
an acquired genetic alteration in a pluripotential 
haemopoietic stem cell. (CML) is a myeloprolifera-
tive neoplastic disorder with an incidence of 1-2 
cases per 100 000 adults. (CML) transpires more 
commonly in adults than in children. It happens at 
similar rates in countries around the world, and it is 
no more prevalent in one ethnicity or race group 
than in a different one [1]. It accounts for approxi-
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mately 15% of newly diagnosed cases of leukemia 
in adults. This altered stem cell proliferates and 
generates a population of differentiated cells that 
gradually displaces normal haemopoiesis and 
primes to a significantly expanded total myeloid 
mass.  The key landmark of this rare hematologi-
cal malignancy is Philadelphia (Ph) chromosome 
t(9;22)(q34;q11), which was identified for the first 
time in 1960, and designated as the characteristic 
feature aiding with its diagnosis along with the 
breakpoint cluster region-Abelson murine leuke-
mia (BCR–ABL) chimeric gene and associated 
onco-protein which were discovered back in 1980.  
These findings were confirmed when the BCR-
ABL gene was inserted into the murine stem cells 
of experimental animals, causing a condition that 
resembled human chronic myeloid leukemia [2,3]. 
A tyrosine kinase that remains persistently active 
is created by the chromosomal translocation that 
starts the BCR-ABL1 fusion gene formation, which 
propels the pathophysiology of Chronic Myeloid 
Leukemia (CML). In the absence of therapy, CML 
depreciates the patient's prognosis by poignant 
from a relatively mild chronic phase to more ag-
gressive accelerated and blast phases [1–4].  

Till the conclusion of the past century, drug 
therapy for CML was limited to nonspecific agents 
such as busulfan, hydroxyurea, and interferon-alfa 
(INF-a). Therapeutic scenery of CML transformed 
significantly with the advent of small molecule 
tyrosine kinase inhibitors (TKIs).  Imatinib, Dasatinib, 
and Nilotinib are examples of (TKIs) that have 
changed (CML) from a formerly deadly disorder to 
one that is frequently well-managed in the long run 
[3–5]. Tyrosine Kinase Inhibitors (TKIs) have 
noticeably improved survival and quality of life of 
patients with CML; Despite their benefits, long-
term use of these medications can lead to a range 
of side effects impacting various organs such as 
the oral cavity [4,6,7]. Thoughtful understanding of 
these oral manifestations is critical, as they may 
impact the adherence to therapy, daily function, 
and overall health status. 

Periodontal diseases are among the most 
prevalent dental ailments, ravaging the supporting 
tissues of teeth which comprises of the gingiva, 
periodontal ligament, and alveolar bone. Periodon-
tal diseases often commence with the accumula-
tion of dental biofilm. Dental plaque laden with col-
onizing bacteria can cause irritation and inflamma-
tion of the periodontium. In its mildest form, recog-
nized as gingivitis, gum reddishness, swelling, and 
bleeding ensues. Deprived of appropriate care, 
gingivitis can progress to periodontitis, a more se-
vere form of the disease that damages the sup-
portive tissues of the teeth and can ultimately lead 
to teeth losing. According to the American Academy 

of Periodontology, Periodontal diseases stand as 
a leading cause of the edentulous adult population, 
affecting over half the population to varying 
extents [8–10]. While bacterial colonization is the 
foremost causative factor, the severity and 
progression of periodontal disease heavily depend 
on host immune-inflammatory responses. Local 
cytokine release, neutrophil activity, and systemic 
inflammatory mediators contribute to tissue 
destruction if not effectively controlled [8–12]. 
Systemic conditions, mainly those relating to he-
matological dysregulation and immune system 
modulation, can deeply alter these local re-
sponses. In (CML), the excessive proliferation of 
leukocytes, combined with alterations in cytokine 
networks and immune surveillance, may render 
patients more susceptible to severe periodontal 
disease. Moreover, emerging evidence suggests 
that oral inflammation may exert reciprocal effects 
on systemic health, potentially influencing cancer 
progression, systemic inflammatory responses, 
and overall treatment outcomes [10,12–16]. This 
bidirectional relationship accentuates the im-
portance of viewing oral health as an integral com-
ponent of overall patient management rather than 
a secluded clinical entity. 

The complexity of managing CML patients’ oral 
health is further heightened by TKI therapy. Though 
frontline commercially accessible TKIs have 
momentously improved CML patient survival rate, 
they are not without bothersome side-effects 
depreciating patients’ quality-of-life, they can dis-
turb the soft tissues of the oral cavity, possibly 
stimulating gingival hyperplasia, initiate mucosal 
ulcers, or altering host defense against periodontal 
pathogens [4,6,7]. Fluctuations in the innate and 
adaptive immune systems, as well as in vasculari-
zation and tissue remodeling, this can create an 
environment advantageous to bacterial invasion to 
the affected tissues with the ensuing inflammation 
that brings further destruction to oral tissues in 
general and periodontal tissues in particular. 
Chronic inflammatory states might also predispose 
these patients to other oral complications or in-
crease their vulnerability to opportunistic infections 
and therapy-related complications, such as medi-
cation-related osteonecrosis of the jaw (MRONJ). 
Understanding TKI-associated oral changes is 
crucial for designing prophylactic, preventive, and 
therapeutic strategies that minimize complications 
and support long-term disease management. 

Beyond the pharmacological and biological as-
pects of the disease, the sociocultural and eco-
nomic context in which CML patients live plays a 
pivotal role in determining their oral health out-
comes. Iraq exemplifies a resource-limited setting 
with an overburdened healthcare infrastructure, 
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persistent pressures associated with conflicts, and 
limited access to specialized medical and dental 
care [17–20]. Persistent challenges include insuf-
ficient training of oral health professionals, eco-
nomic barriers to seeking care, cultural beliefs that 
may deprioritize oral health, and infrastructural 
damage that affects the delivery of preventive ser-
vices [17–19, 21–23]. Under these circumstances, 
patients may present with advanced periodontal 
disease at diagnosis, or fail to maintain regular 
dental check-ups, further compounding the impact 
of systemic conditions like CML on their oral 
health. 

Despite these pressing concerns, the intersec-
tion of CML, TKI therapy, and periodontal health 
remains poorly understood in Iraq and in many 
similar settings. Most investigations into oral health 
in leukemia patients focus on acute leukemia, 
chemotherapy-induced mucosal lesions, or Western 
healthcare contexts [4,7,13,24]. Such gaps in the 
literature limit our ability to develop evidence-
based guidelines, adapt global recommendations 
to local realities, or incorporate culturally sensitive 
interventions that address both systemic and oral 
health challenges. 

This study compares the periodontal health of 
Iraqi CML patients to healthy controls in an effort 
to convey additional understanding on these un-
derstudied areas. By examining main periodontal 
indices—gingival index (GI) and loss of attach-
ment (LOA)—and correlating them with WBC 
counts, to elucidate the role of systemic inflamma-
tion in exacerbating periodontal disease. Addition-
ally, to explore potential oral health implications of 
TKI therapy, offering insights that may guide mul-
tidisciplinary, integrative approaches to CML man-
agement. Finally, this research highlights the need 
for region-specific data, strategies, and stronger 
integration of periodontal care within the standard 
oncologic treatment paradigm, particularly in chal-
lenging environments like Iraq. 

 
2. METHODOLOGY 

 
2.1. Study design and participants 

 
This cross-sectional study was conducted between 
January 2024 to December 2024, at Baghdad 
Medical City teaching hospital in Baghdad 
governorate, Iraq. The ethical approval for 
performing the study was obtained from the ethical 
committee at AL-Mustansiriyah University College 
of Dentistry, (REC reference: REC166, Clinical 
Trial Number: MUPRV0011 , granted on 1/1/2024) 
also an informed consent, written in both Arabic 
and English describing in detail all of the possible 

risks and benefits associated with participation, 
signed by each participant was collected by the 
dental members assigned for performing of the 
study preceding to participant enrollment in the 
study. The sample size was calculated by means 
of a priori power analysis with the following 
assumptions: 
 

• Effect size: resorting to previous established 
literature of periodontal indices examinations in 
systemic inflammatory conditions, a medium to 
large effect size (Cohen's d = 0.8) was presumed 
for comparisons between the CML and control 
groups. 

• Significance level (α): 0.05 (two-tailed). 

• Desired power (1-β): 0.80 to detect statistically 
significant differences. 

 

Via utilizing the aforementioned parameters, 
the minimum required sample size per group was 
calculated to be 50 participants using G*Power 
software (Heinrich-Heine-Universität, Düsseldorf, 
Germany). This sample size safeguards an 80% 
chance of spotting significant differences in perio-
dontal indices (e.g., Gingival index and Loss of at-
tachment) between groups at a significance level 
of p<0.05. 

The data presented in this study were gathered 
from recruited Iraqi participants (100 participants), 
(50) of whom had a confirmed diagnosis of chronic 
myeloid leukemia (CML) while the other (50) re-
cruited participants were healthy controls, who 
were matched as possible for sex and age. The 
CML group entailed of patients with chronic CML 
who had been successfully treated with tyrosine 
kinase inhibitors (TKIs, such as Imatinib or 
Dasatinib) for at least six months. Regarding age, 
sex, and habit of smoking, healthy controls who 
had no prior history of any systemic diseases or 
periodontal disorders were matched to the CML 
group. 

 

2.2. Inclusion and exclusion criteria 
 
Participants in the CML group were required to 
meet the following inclusion criteria: a confirmed 
diagnosis of CML, treatment with TKIs for at least 
six months preceding to participation in the study, 
no previous periodontal treatment in the six 
months preceding the enrollment in the study. The 
control group consisted of healthy individuals 
matched to the CML group. Exclusion criteria for 
both groups included: current smoking or a history 
of smoking within the past year. pregnancy or lac-
tation, Ongoing acute infections or other systemic 
diseases, use of antibiotics or anti-inflammatory 
medications within the past three months. 
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2.3. Clinical assessments 
 
Periodontal health was evaluated using a compre-
hensive approach that combined visual and man-
ual examinations.  

Gingival Index (GI); Gingival inflammation was 
assessed using the well-established Löe and Sil-
ness (1963) criteria, which evaluate gingival health 
on a scale from 0 (no inflammation) to 3 (severe 
inflammation with spontaneous bleeding). This in-
dex was selected for its precision in identifying var-
ying levels of soft tissue inflammation and its re-
producibility in clinical settings.  

Loss of attachment (LOA): Periodontal attach-
ment loss was measured using a standardized 
periodontal probe (Periodontal probe WHO, by the 
World Health Organization), with these product 
specifications; visual guide with precise millimeter 
markings at 3.5 – 5.5 – 8.5 – 11.5 mm, ball at the 
tip: ø 0.5 mm, long-lasting and very precise pocket 
depth markings, flexible and resistant.  

The distance from the cemento-enamel junc-
tion to the base of the periodontal pocket was rec-
orded at six sites per tooth to ensure thorough 
evaluation. LOA measurements were averaged to 
provide an accurate representation of periodontal 
destruction severity. 

Additionally, to ensure consistent and reliable 
measurements, the following periodontal instru-
ments were used; Dental mirror; Double-sided, 
high-resolution mirror to aid in visual assessments 
of gingival health. Scaler; Used for supra-gingival 
examination when needed to confirm calculus 
presence. 

To enhance accuracy and minimize variability, 
periodontal assessments were conducted under 
consistent lighting conditions with magnification 
tools to ensure detailed visualization of gingival 
and periodontal structures. Each participant's as-
sessment was completed within a single session 
to reduce potential temporal variability in measure-
ments. 

Blood analysis: Peripheral blood samples were 
collected from all participants to measure white 
blood cell (WBC) counts. Blood analysis was 
performed using an automated hematology ana-
lyzer, following standard protocols, to ensure pre-
cision and reproducibility. 

Examiner calibration and reliability: In order to 
guarantee reliability and consistency in for the per-
iodontal assessments needed to obtain prober 
measurement of periodontal health statues of the 
participants, two experienced examiners with 10 
years of clinical expertise in periodontics were 
selected to conduct the needed periodontal meas-
urement. The two periodontists participated in the 
calibration sessions prior to conduction of the 

study. An inter-examiner reliability score of >0.85 
(Cohen’s kappa) was attained for both the gingival 
index (GI) and loss of attachment (LOA), indicating 
high reliability in measurements. In addition, intra-
examiner reliability was assessed by having each 
examiner reassess a randomly selected subset of 
participants after a one-week interval. This resulted 
in a Cohen’s kappa value of >0.90 for both GI and 
LOA, demonstrating excellent consistency within 
individual examiners as well. 

Statistical analysis: Data were analyzed using 
SPSS (version 21). Descriptive statistics were cal-
culated for all variables, including age, sex, WBC 
counts, and periodontal indices. The normality of 
data distribution was assessed prior to conducting 
statistical tests. Differences between groups were 
evaluated using analysis of variance (ANOVA), fol-
lowed by Tukey’s post-hoc tests for multiple com-
parisons. Pearson’s correlation coefficient was 
used to examine relationships between WBC 
counts and periodontal indices (GI and LOA). 
Statistical significance was set at p<0.05. 
 

3. RESULTS 
 

Demographic characteristics of participants: The 
study enrolled a total of 100 participants, compris-
ing 50 CML patients (mean age: 44 ± 8 years; 24 
males and 26 females) and 50 age- and sex-
matched healthy controls (mean age: 43 ± 7 years; 
26 males and 24 females). Smoking history was 
comparable between groups, with 20% of CML pa-
tients and 16% of controls reporting a history of 
smoking (p=0.85). The demographic characteris-
tics are summarized in Table 1. 

Periodontal indices (GI and LOA): Significant 
differences were observed in the periodontal indi-
ces between the CML and control groups, with 
higher GI and LOA scores in the CML group, indic-
ative of greater periodontal disease severity as 
shown in Table 2. The mean GI score in the CML 
group was 1.2 ± 0.5, significantly higher than 0.4 ± 
0.3 in the control group (p<0.001). Over 60% of 
CML patients had GI scores >1.0, compared to 
none in the control group, reflecting moderate to 
severe gingival inflammation. 

The mean LOA in the CML group was 3.5 ± 1.2 
mm, significantly higher than 1.2 ± 0.9 mm in the 
control group (p<0.001). Approximately 75% of 
CML patients had LOA values exceeding 3 mm, 
indicative of advanced periodontal destruction. 

Elevated WBC counts were found in the CML 
group (78.5 ± 15.4 × 10³/μL) compared to controls 
(7.3 ± 1.8 × 10³/μL) (p<0.001). Positive correla-
tions were observed between WBC counts and 
periodontal indices in the CML group. A significant 
positive correlation was observed between WBC 
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counts and GI in CML patients (r=0.65, p<0.01). A 
significant positive correlation was found between 
WBC counts and LOA in CML patients (r=0.58, 
p<0.01). No significant correlations were found in 
the control group, highlighting the systemic-
inflammatory link in CML patients. The findings 
highlight the systemic impact of CML and its 

treatment on periodontal health, with elevated 
WBC counts significantly correlating with higher 
GI and LOA scores (Table 3). All CML patients 
were on TKIs (80% on Imatinib, 20% on 
Dasatinib). No significant differences in GI or 
LOA were scrutinized amid these subgroups (p> 
0.05). 

 
Table 1: Demographic characteristics of the participants in the study, including both the CML group (n=50) and the control 
group (n=50). Main demographic parameters such as age, gender distribution, and smoking status were analyzed to certify 
comparability between the two groups. 
 

Characteristic CML group (n=50) Control group (n=50) p-value 

Mean age (years) 44 ± 8 43 ± 7 0.85 

Male/Female ratio 24/26 26/24 0.82 

Smoking status (%) 20% 16% 0.85 

 
Table 2: Detailed comparison of periodontal health between the CML group and the control group by analyzing two key 
indices: Gingival Index (GI) and Loss of attachment (LOA). 
 

Group Gingival Index (GI) Loss of attachment (LOA) p-value 

CML group 1.2 ± 0.5 3.5 ± 1.2 <0.001 

Control group 0.4 ± 0.3 1.2 ± 0.9 <0.001 

 
Table 3: The correlation between white blood cell (WBC) counts and the two periodontal indices: Gingival Index (GI) and 
Loss of attachment (LOA) in the CML group. 
 

Periodontal Index Correlation Coefficient (r) p-value 

Gingival Index (GI) 0.65 <0.01 

Loss of attachment (LOA) 0.58 <0.01 

4. DISCUSSION  
 

The findings of this study provide substantial evi-
dence that systemic disease processes intrinsic to 
CML, as well as the therapies used to manage it, 
can significantly influence periodontal health. The 
observation that CML patients present with mark-
edly higher GI and LOA scores than healthy con-
trols suggest a systemic contribution to periodontal 
breakdown, well beyond the local microbial chal-
lenge. This aligns with a growing body of literature 
indicating that systemic inflammatory disorders, 
hematologic malignancies, and metabolic dysreg-
ulations can intensify periodontal disease severity 
[25,26]. 

The positive correlation between elevated 
WBC counts and periodontal indices further under-
scores the systemic nature of this relationship. In 
CML, excessively high WBC counts and deregu-
lated immune responses may facilitate a hyperre-
active inflammatory environment, intensifying host 
responses to plaque biofilms. The persistent infil-
tration of inflammatory cells and the resulting over 
production of cytokines and proteases can hasten 
the breakdown of periodontal connective tissue 
and accompanied with alveolar bone resorption. 
Over time, this pathological disorder affect may 

extend to potentially impact systemic homeostasis, 
as chronic periodontal inflammation can elevate 
systemic inflammatory markers, spreading a state 
of heightened immunological stress [10,12,14–
16,27]. 

Tyrosine kinase inhibitors, while essential for 
controlling leukemic progression, add complexity 
to oral health management. In this study statisti-
cally significant differences were found between 
patients on Imatinib and Dasatinib concerning per-
iodontal indices, Alterations in fibroblast function, 
changes in gingival vascularization, and modifica-
tions to immune cell trafficking may affect the oral 
microbiota or mucosal immunity, subtly shifting the 
host–microbe equilibrium in favor of inflammatory 
dysbiosis. Such subclinical alterations, if not rec-
ognized and managed, can lead to a cycle of per-
sistent inflammation and tissue damage [28]. 

An additional layer of complexity arises when 
considering healthcare delivery in Iraq. The under-
resourced medical and dental infrastructure, com-
pounded by economic hardship, prolonged con-
flict, and environmental challenges, likely amplifies 
the oral health burden observed in CML patients 
[17–23]. Patients may have limited access to den-
tal screenings, face long travel distances to spe-
cialist care, or be constrained by cultural stigmas 
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that deprioritize preventive oral health behaviors. 
Consequently, they may present with advanced 
periodontal disease at diagnosis or fail to receive 
timely interventions that could mitigate progres-
sion. Over time, the cumulative effect of systemic 
inflammation, TKI therapy, and inadequate oral 
healthcare infrastructure can deepen health dis-
parities and decrease the quality of life for individ-
uals living with CML. 

From a global perspective, these findings ac-
centuate the need for a more holistic, patient-cen-
tered approach to managing chronic hematologic 
conditions [29-32]. Integration of oral health as-
sessments into routine oncologic care could iden-
tify at-risk patients earlier, allowing for targeted in-
terventions such as improved oral hygiene instruc-
tion, professional cleanings, antimicrobial rinses, 
or adjusted TKI regimens [33-35]. Periodic evalu-
ation by periodontists or dentists experienced in 
managing patients with hematologic conditions 
could preempt more severe oral complications 
[36]. For patients in resource-limited settings like 
Iraq, strategic public health initiatives—such as 
community-based dental education, mobile dental 
clinics, or subsidized periodontal therapies—may 
help reduce the burden of disease [37,38]. Collab-
oration between local health authorities, NGOs, 
and international partners can bolster training for 
dental professionals, enhance preventive services, 
and raise public awareness about the importance 
of oral health in systemic disease management 
[39]. 

Future research should deepen our under-
standing of the mechanisms linking CML, TKI ther-
apy, and periodontal disease [40]. Longitudinal 
studies could track how changes in WBC counts, 
inflammatory markers, and molecular responses to 
TKIs correlate with periodontal outcomes over time 
[41]. Metagenomic and metatranscriptomic 
analyses of oral biofilms may reveal shifts in mi-
crobial communities or functional pathways that 
drive periodontal destruction in the context of CML 
[42]. Moreover, exploring immunomodulatory ther-
apies, nutritional interventions, or adjunctive anti-
microbial protocols could yield new strategies to 
mitigate oral complications and improve overall 
patient outcomes [43,44]. Ultimately, this research 
highlights the importance of breaking down tradi-
tional clinical silos. Hematologists, oncologists, 
dentists, periodontists, and public health special-
ists must work together to develop integrated care 
pathways that reflect the complex interplay of sys-
temic disease, pharmacotherapy, and oral health 
[34,36,45]. By adopting a multidisciplinary ap-
proach, healthcare providers can enhance patient 
quality of life, improve treatment adherence, and 
potentially influence the trajectory of CML itself 

[46]. In doing so, they can ensure that patients re-
ceive not only life-extending therapies but also the 
comprehensive support needed to maintain oral 
and systemic well-being, even in challenging and 
resource-limited contexts [47]. Several limitations 
of this study should be recognized. The sample 
size was relatively small, and the study was con-
ducted in a single center, which may limit the gen-
eralizability of the results. Future studies with 
larger sample sizes, longitudinal designs, and 
more detailed analyses of medication types and 
durations are needed to further explicate the rela-
tionship between CML, its treatments, and perio-
dontal health. 

 
5. CONCLUSION 
 
This study emphasizes the noteworthy influence of 
chronic myeloid leukemia (CML) on periodontal 
health, with CML patients showing elevated gingi-
val index (GI) and greater loss of attachment (LOA) 
scores compared to controls. The positive 
correlation between elevated white blood cell 
(WBC) counts and periodontal indices highlights 
the systemic influence of CML on periodontal dis-
ease progression. The results suggest that while 
TKIs improve CML outcomes, they may interfere 
with periodontal health, highlighting the necessity 
for integrated oncologic and periodontal care with 
routine screening. In resource-limited settings like 
Iraq, multidisciplinary collaboration and public 
health initiatives are vital to lessen periodontal dis-
ease in CML patients. Longitudinal studies are 
needed to clarify these associations and guide tar-
geted interventions. 
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