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Introduction 

 The pelvic floor is a complex interrelated 

structure of muscles, ligaments, and fascia with 

multiple functions. Among these functions is its 

formation as a birth canal component, maintenance 

of continence, assistance with micturition and 

evacuation, in addition to support of visceral 

organs1. The collection of muscles that provide 

structural support for the pelvic organs is known as 

the pelvic floor.  The pelvic diaphragm is a 

hammock-like structure that spans from anterior 

to the symphysis pubis and posterior to the coccyx 

posteriorly; it provides supports to the pelvic 

organs2. 

The prevalence of pelvic floor disorders 

(PFD) in Egyptian women was estimated 

previously by mode of delivery and their influence 
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Abstract: 

Background: The pelvic floor muscles are primarily responsible for supporting the visceral 

organs of the abdomen and for facilitating the passage of urine through the urethral, anal, and 

vaginal openings.  Vaginal deliveries were associated with increased levels of muscle cell damage 

markers, specifically creatine phosphokinase (CPK), compared to cesarean sections (CSs). 

Purpose: The study aimed to examine the correlation among CPK levels and pelvic floor muscle 

(PFM) strength within postnatal women. Methods: Eighty-four post-partum women who 

delivered vaginally, (4-6 weeks after delivery), Participants in this study were aged between 25 

and 35 years, with a body mass index of fewer than thirty kg/m². Evaluations: Blood analysis was 

done to measure level of CPK and biofeedback (TG Myo Feedback 420v) was utilized to evaluate 

PFM strength. Results: The study’s findings revealed that there was a negative correlation (r= -

0.226, p= 0.038) among CPK and PFM strength in postnatal women. But CPK and parity were 

positively correlated (r= 0.230, p= 0.035) in postnatal women. Conclusion: CPK is a soft marker 

that can be used in conjunction with other techniques to determine the PFM strength in postnatal 

women but it is not a specific indicator for PFM strength. 

Key words: Biofeedback, Creatine phosphokinase, Postnatal women, Pelvic floor muscles, 
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on patients’ quality of life (QOL). The overall 

prevalence of stress urinary incontinence (SUI) is 

38.15%, estimated to be 43.5% for those who gave 

birth vaginally exclusively, compared to 32.8% in 

the cesarean section (CS) delivery ≥5 years after 

the last birth. So, a positive correlation was 

demonstrated among the mode of delivery and the 

prevalence of PFD in parous women3.  

According to Nanobashivili et al.4 and 

Coelho et al.5, serum creatine phosphokinase 

(CPK) levels are a nonspecific indicator of muscle 

and tissue damage.  There is an obvious association 

among high levels of CPK and extremely intense 

physical activity, like as running throughout the 

match, and CPK was previously employed as a 

measure of muscle fatigue6. As a result of direct 

muscle injury or damage caused by contractions, 

serum CPK levels can be elevated 7. 

Accurate diagnosis of PFDs such as fecal 

and urinary incontinence, and POP requires an in-

depth understanding with the anatomy and 

physiology of the pelvis and its surrounding 

structures. Accurate assessment of the pelvic floor 

and associated conditions is further complicated by 

the interaction of multiple body systems within the 

pelvis; the endocrine, gynecologic, urologic, 

digestive system, neurological, as well as 

rheumatologic systems are among them8. 

Birth is an event that involves strenuous 

muscular activity, both for the mother and the 

neonate; as a result, the CPK levels are expected to 

be dependent on the level of strenuous activity 

during the perinatal period. It has been shown that 

at birth, cord blood CPK activity is raised due to 

the pronounced muscular activity associated with 

birth9. 

There have been several studies that point 

to increased serum CPK activity in the blood of 

women during labor.  According to Khan et al.9 and 

AbdRabou10, these enzymes are believed to be 

released into the bloodstream during labor by the 

uterus and placenta, two organs that are known to 

contain large quantities of these substances and are 

actively involved in the labor process. It usually 

takes around six weeks following birth for CPK 

activity to return to normal10,11. 

By regarding to cesarean section (cs), some 

research showed that CS known to increase CPK 

level by the destruction of the myometrial tissue12. 

This is may be explained by Banu et al13 who 

concluded that an increasing amount of CPK would 

give an idea about the damage of the myometrial 

tissue. By comparing plasma levels of CPK in 

different types of uterine surgery, it was found that 

increasing levels of CPK were during uterine 

abdominal surgery versus laparoscopic surgery14. 

Khan and Rathore11 also concluded that lower 

segment CS mode of delivery is associated with 

increased CPK level. 

To the best of our knowledge, no prior 

research has examined the correlation between 

postpartum women's pelvic floor muscle strength 

as well as CPK.  Therefore, this study was carried 

out to establish whether there was a correlation 

among CPK and PFM strength in post-

partum women which might be of value and 

increase knowledge of obstetricians, 

physiotherapist and medical health professionals in 

women’s health field. 

Methods     

Study design:  

     An observational cross section study was done 

to determine the correlation among CPK and PFM 

strength in postnatal women. The duration of this 

study was 12 months started from May 2023 to 

May 2024.  

Sample Size calculation:  

Sample size calculation was performed using 

G*POWER statistical software (version 3.1.9.2; 

Franz Faul, Universitat Kiel, Germany) based on 

the finding of Khaitin et al.7 who discovered a 

moderate correlation among CPK levels in the 

blood and the adductor muscle's maximal isometric 

strength.  This study necessitated a sample size of 

eighty-four individuals.  A power of 80%, a 

moderate effect size of 0.3, and α=0.05 were used 

in the calculation.  

Participants: 

Eighty-four postnatal women were took-part in this 

study. They were recruited from the outpatient 

clinic of obstetrics and gynecology, Mataria 

Teaching Hospital, Cairo, Egypt. All participants 

were given a full explanation of the procedure and 

a consent form was signed prior to participation in 

this study, after clarification the purpose, methods 

of the study and their rights to withdraw at any time 

from the study.  
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Ethics approval and consent to participate:  

The study was ethically approved by Institutional 

board of review from Faculty of Physical Therapy 

Cairo University prior starting the study 

[P.T.REC/012/004954], also, the study was 

prospectively registered at Clinical Trials.gov 

[NCT06502392]. 

Inclusion and exclusion criteria:   

To be included in the study: Participants were post-

partum women who delivered vaginally (4-6 weeks 

after delivery). They were multiparas' women with 

a BMI of less than 30 kg/m2 and ages ranging from 

25 to 35 years old.  

 All participants were screened for potential 

pathological disorders that could impact the results 

of the investigation, including cardiac problems. 

Those with any dysfunction, related injuries, or 

pathological conditions were excluded 

participating in the study15, thyroid dysfunction16, 

recurrent urinary tract infections, pelvic 

infection17, uncontrolled hypertension18, or 

diabetes mellitus19, history of pelvic inflammatory 

disease20, myoma and tumors21, a cyst in the 

ovaries, a gynecological disorder, a defect of 

hormones20, a psychological condition22, or 

difficulty understanding written and verbal 

instructions 

Procedures: 

Before participating in this study, each lady 

had a full medical history and recorded in a 

recording data sheet. Each woman was instructed 

carefully about the study protocol to gain their 

cooperation throughout the study. The next step 

was to determine each woman's body mass index 

(BMI) by measuring her height and weight while 

she was barefoot and wearing loose clothing based 

on the following equation: BMI (kg / m2) = Weight 

(kg) / Height 2 (m2)23 

Evaluation procedures:  

a) Blood analysis: 

The venous blood sample was collected from 

brachial vein from all women within all 

precautions. The sterile vacutainer tubes were 

filled with 9 mL of blood and anticoagulant before 

being symmetrically inserted into the centrifuge 

apparatus24. Instantly, the serum was extracted 

from the blood and placed in epindoorf tubes25 for 

analysis using kits (CK-NAC, opt. DGKC/IFCC 

kits; made in Austria), to measure CPK level for all 

participating post-partum women through using 

Vitros 350 (Ortho Clinical Diagnostic, Inc.), made 

in Rochester, NY 14626-5101, with model number 

ET1529L-7SWA-1-RNBCG. The normal values 

of CPK total (24-170 U/L) 10. 

b) Assessment of PFM strength: 

All postpartum women had their PFM 

strength and endurance tested using biofeedback 

(TG Myo Feedback 420v). To perform this, we had 

them lie down in a comfortable crook lying 

position using a pillow behind their heads and little 

cushions beneath their lower back and hips.  

Carefully insert the KY gel-lubricated TG Myo 

feedback 420v vaginal electrode into the vagina 

after it had been washed and covered with a 

condom allowed us to measure the vaginal closure 

pressure by way of the deeper internal PFM 

strength.  Using the internal probe, any woman can 

improve her proprioception and become more 

aware of her muscles26. 

 This is followed by a description of the TG Myo 

feedback screen for the women.  Start using a 

wristwatch to time a 1-minute resting baseline.  For 

a more accurate baseline reading, it is best to keep 

conversation to a minimum and avoid interruptions 

throughout the evaluation.  Hypertonicity or failure 

to relax the PFM is indicated by an inconsistent 

baseline resting tone.  It might also be a sign of 

neuromuscular incoordination or a problem 

differentiating between tense and relaxed muscles.  

The women were instructed to firmly squeeze the 

PFM around the electrode for 10 seconds before 

releasing the tension; this process was repeated 

three times.  The data sheet was then updated with 

the calculated mean of the three readings26. Muscle 

strength, defined as the maximum force that can be 

applied and maintained during a contraction, and 

endurance, defined as the amount of time it takes 

for a submaximal contraction to be maintained or 

repeated until a 50% loss in power is observed, are 

two distinct variables2. 

Data Analysis 
The results are presented as means with standard 

deviations, minimums and maximums.  Utilizing 

the Pearson correlation coefficient, we investigated 

for a correlation among CPK, PFM strength, as 

well as parity in post-partum women.  The 

statistical analysis was carried out using the 

Windows version 19 of the Statistical Package for 

the Social Sciences (SPSS) software.  A significant 

result was defined as a P value < 0.05. 
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Results 

Subject characteristics: 

Initially, 95 people were assessed for 

eligibility. Five of them were not met the inclusion  

criteria and another 6 of them refused to participate 

in the study. So, 84 participants were included and 

analyzed (Fig. 1). 

 

Table (1): Demographic features (general characteristics): 

 Minimum Maximum Mean Standard 

deviation 

Age (yrs.) 

Weight (kg.) 

Height (cm) 

BMI (kg/m2) 

Parity (child) 

24.00 

60.00 

1.50 

23.50 

2.00 

35.00 

95.00 

1.82 

29.90 

5.00 

31.36 

76.04 

1.66 

27.64 

3.31 

2.24 

7.19 

0.06 

1.50 

0.93 

 

 

                                                                                                                                                                                                 

                                                                                                                               

 

 

 

 

 

                                              

                

  

                                                                                                                                                                                                                  

                                                                                                                            

                                                                                                                                                                                                                                                                             

Fig. (1): flow chart of the study  

Assessed for eligibility (95) (n=73) 

Excluded (n=11) 

▪ Not meeting inclusion criteria 

(n= 5) 

▪ Declined to participate (n=6) 

Participated (n= 84) 

Allocation 

Allocated to measure CPK and PFM strength (n=84) 

 Received allocated intervention (n=84) 

 Did not receive allocated intervention (n=0) 

Analysis

sis 

84 participants were included in intention to 

correlation analysis. 

 Excluded from analysis (n= 0) 

 

Enrollment 
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There was a negative correlation between CPK and 

PFM strength (r= -0.226, p= 0.038), but there was 

a positive correlation among CPK and parity (r= 

0.230, p= 0.035). 

Table (2): Correlation between CPK and PFM 

strength; and parity: 

 Pelvic floor 

muscle strength 

Parity 

Correlati

on 

coefficien

t 

P 

value 

Correlati

on 

coefficien

t 

P 

value 

CP

K 

-0.226 

0.03

8* 

0.230 

0.03

5* 

 

Fig. (2): Correlation between CPK and PFM 

strength in post-partum women (r= -0.226, p= 

0.038) 

 
Fig. (3): Correlation between CPK and parity in 

post-partum women (r= 0.230, p= 0.035) 

 

Discussion 

Pelvic floor problems have a complex and 

multifactorial pathophysiology that affects 

women's health27. There are a number of 

sociodemographic characteristics that increase the 

possibility of developing PFD, including advanced 

age, gastrointestinal disease, previous vaginal 

deliveries, as well as instrumental vaginal births28. 

As the uterus grows in size throughout 

pregnancy, it puts an excessive strain on the 

perineal structures.  The parties appear and pass 

through the urogenital hiatus during delivery, 

which increases the pressure on the tissues and 

causes the pelvic floor to strain, possibly resulting 

in injury to the muscles, connective tissue, and/or 

nerves.  According to Fonti et al.29 the majority of 

women undergo pelvic floor trauma after vaginal 

birth, which can lead to significant damage to the 

muscular tissue.  The levels of CPK, a measure of 

muscle cell injury, were greater in vaginal 

deliveries (both spontaneous and surgical) 

compared to CS30. 

 The present study was conducted to 

investigate the correlation among CPK and PFM 

strength; and parity in post-partum women.  

The findings of this study showed that there 

was a negative correlation among CPK and PFM 

strength but on the other side, there was a positive 
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correlation between CPK and parity in postnatal 

women. 

According to our knowledge, there was no 

related review directly correlate CPK level with 

PFM strength. So, we try to support its association 

with muscle strength through the following studies. 

Wang et al.31 found that changes in skeletal 

muscle mass32 may affect CPK concentrations.  

During periods of intense activity, its 

concentrations typically rise above normal levels 

and do not recover to normal levels for three to four 

days33. 

Previous studies confirmed that post-

exercise CPK changes are closely associated to 

maximal isometric strength34, and maximum 

isometric strength immediately after eccentric 

exercise is negatively associated with peak CPK 

activity35. 

The perineal structures are put through an 

excessive strain throughout pregnancy due to the 

uterus's gradual volume expansion.  The parties 

appear and pass through the urogenital hiatus 

during delivery, which increases the pressure on 

the tissues and causes the pelvic floor to strain, 

possibly resulting in injury to the muscles, 

connective tissue, and/or nerves.  According to 

Fonti et al.29 the majority of women undergo pelvic 

floor trauma after vaginal birth, which can lead to 

significant damage to the muscular tissue. 

 Both the mother and the newborn use their 

muscles extensively throughout labor and delivery.  

The mother controls the uterus's contractions, the 

supra-umbilical diastasis, as well as the mother's 

voluntary abdominal pushes; fetal influences 

include the fetus's position, its presentation 

throughout labor, and its cephalic circumference.  

Any one of these may cause CPK levels to rise36. 

There have been multiple reports of 

increased serum CPK activity in the mother's blood 

during childbirth. It is believed that these enzymes 

are released into the circulation during labor by the 

uterus as well as placenta, two organs that contain 

a significant quantity of these enzymes and take an 

active role in the process9. 

 Banu et al.13 found no evidence of 

myometrial ischemia or necrosis after uterine 

artery embolization procedures but rising serum 

CPK isoenzyme levels suggest myometrial tissue 

damage. The study quantified markers of 

inflammation, ischemia, along with necrosis in 

women experiencing uterine artery embolization. 

In the study of AbdRabou10 who studied 

evaluation of CS scar using maternal serum level 

of creatine kinase isoenzyme (CPK-MB) prior to 

delivery, and reported that CK-MB can be used as 

a soft marker beside other methods for detection of 

CS abnormality prior to delivery with high 

sensitivity and specificity.   

Furthermore, McNeely et al.37 measured the 

serum CPK activity of 28 women having normal 

pregnancies at six-time intervals to examine CPK 

and its isoenzymes in women's serum during 

pregnancy as well as the peripartum period.  As a 

whole, the CPK activity was 29 U/L in the 3rd 

trimester, 45 U/L from 30–36 weeks gestation, 109 

U/L upon labor hospital admission, 132 U/L in the 

first 30 minutes after delivery, 49 U/L from 7–9 

hours following delivery, and 35 U/L on the 5th 

day after after delivery.  This indicates that CPK 

activity begins to climb as the delivery time draws 

near, reaching a peak between seven- and nine-

hours following birth.  In most cases, the CPK 

activity returns to normal within six weeks of 

giving birth.   

The CPK isoenzyme activity followed a 

similar pattern; Khan and Rathore11 found a strong 

correlation between the mode of delivery as well as 

serum CPK activity; total CPK levels rose 

significantly throughout labor, peaking at 2-4 times 

baseline levels 24 hours after birth.  Afterwards, it 

progressively returned to its initial level.  There 

was a significant difference in the levels attained 

by nulliparous and multiparous women.  An 

essential component to the CPK surge in the 

majority of women was determined to be the CPK-

MB, which is present in significant amounts in the 

uterus and placenta.  When there is no sign of 

myocardial ischemia and the pregnant woman is 

going through a normal vaginal delivery, the levels 

of serum total CPK and the MB isoenzyme rise 

significantly38.  

In addition, Leiserowitz et al.39 recruited 49 

healthy pregnant women at the end of the 3rd 

trimester and measured their CPK levels four times 

over the course of the pregnancy and reported that 

creatine kinase –MB (CK-MB) is found not only in 

myocardium but also in uterus and placenta. 

Findings from their study suggest that peripartum 

CK and total CK increases should be utilized with 

caution when diagnosing myocardial ischemia or 

infarction40. 

In addition, Asgharnia et al.41 found that 

when the zygote implants are positioned next to the 
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fallopian tube's muscle layer, there is a rise in the 

level of CPK, which is a marker for soft muscle 

injury, similar to tubal ectopic pregnancy. 

Changes in CPK increased significantly 

during the reperfusion phase (e.g., from delivery to 

1 hour postpartum) in the study by Conner et al.30.  

Furthermore, the level of CPK during the 

reperfusion phase was significantly elevated when 

the ischemia period was longer (for example, when 

the 2nd stage of labor was significantly longer).  

 This study's findings on the correlation 

among CPK and parity are in line with those of 

Paterson and Lawrence42, who found that factors 

such as aging alcohol consumption, oral 

contraceptive consumption, marital status, parity, 

as well as oral contraceptive intake significantly 

affected serum CPK concentrations in normal adult 

females.  

However, Safdarian et al.43 found no significant 

correlation between CPK and age, gravidity, or 

parity when they evaluated plasma CPK levels 

following just one administration of methotrexate 

as a predictor of treatment success in ectopic 

pregnancies. These findings contradict the current 

study's results. 

Strength and limitations: 

Till now, there is no previous study 

investigated the correlation between CPK level and 

PFM strength in postnatal women. So, this study 

would be the first one in this issue. Also, Sample 

size calculation was performed using G*POWER 

statistical software (version 3.1.9.2; Franz Faul, 

Universitat Kiel, Germany) based on the finding of 

Khaitin et al.,7 who discovered a moderate 

correlation among CPK levels in the blood and the 

adductor muscle's maximal isometric strength.  

This study necessitated a sample size of eighty-four 

individuals.  A power of 80%, a modest effect size 

of 0.3, and α=0.05 were used in the calculation. 

However, there were some limitations of the study 

as physical, psycological, socioeconomic and 

environmental might affect the results of the study 

in addition to co-operation of female in conducting 

the procedures and their cutural level variations. 

Conclusion 

This study concluded that there is negative 

correlation among CPK and PFM strength and 

positive correlation among CPK and parity and this 

conclusion refers to CPK is an indicator of muscle 

tissue injury or damage as in labor and postnatal 

periods, and its magnitude correlates with the 

extent of muscle damage and monitoring the 

progression or resolution of muscle injury. 
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