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ABSTRACT This study aims to determine the quality of commercial control materials and homemade lyophilisates using 

the sigma metric method for BUN and creatinine parameters in a primary clinical laboratory. This cross-sectional study 

conducted 20 examinations on both types of control materials. The results showed that for the BUN parameter, homemade 

lyophilisates had a sigma value of 1 (unacceptable), while the commercial control material had a sigma value of 2 (poor). For 

the creatinine parameter, both homemade lyophilisates and commercial control materials had a sigma value of 3 (marginal). 

There was a significant difference in quality between commercial control materials and homemade lyophilisates for the BUN 

parameter, so homemade lyophilisate cannot be used as an alternative to commercial control materials. However, for the 

creatinine parameter, there was no significant difference in quality between the two control materials, so homemade 

lyophilisates can be used as an alternative to commercial control materials. Thus, the study demonstrates that homemade 

lyophilisates are an effective and economical alternative for creatinine testing but not for BUN testing. This research can 

help primary clinical laboratories to develop more effective and efficient quality control strategies. 
 

INDEX TERMS Sigma metric, Commercial control, Homemade lyophilisates, BUN, Creatinine. 
 

I. INTRODUCTION 

Laboratory quality improvement is an activity aimed at 

ensuring the accuracy and precision of laboratory test 

results at the right time, from the right specimen, and 

interpreted correctly based on the appropriate reference data 

[1]. One of the clinical chemistry laboratory tests is the 

blood urea nitrogen (BUN) and creatinine test. These 

parameters are commonly found in routine general check-

up examinations [2]. To obtain good laboratory results, 

calibration of each instrument is necessary before 

conducting the testing process. Proper calibration and 

instrument testing require control materials. The control 

materials used for testing are commercial control materials. 

Commercial controls are control materials used to assess 

precision and accuracy in laboratory testing. One advantage 

of using commercial control materials in laboratory tests is 

their good stability and long shelf life, whereas a common 

disadvantage of commercial controls is their relatively high 

cost. The use of commercial control materials for quality 

control is economically less feasible for many countries due 

to unavailability and relatively high prices [3]. The 

increasing demand for laboratory services and the variety of 

tests can raise laboratory testing costs. However, increased 

laboratory costs do not always correlate with improved test 

quality as well as the lack of cost-effective alternatives for 

commercial control materials in primary clinical 

laboratories. Therefore, a managerial system is needed to 

effectively allocate funding with available resources to 

improve test quality [1]. Sigma metric is one of the methods 

used in process-based quality improvement and 

management programs developed by Bill Smith and Mikel 

Harry at Motorola in the 1980s and was first applied in the 

clinical laboratory field in the 21st century. The sigma 

metric method plays a role in assessing performance quality 

by dividing sigma levels, with a minimum sigma value of 3 

and a maximum sigma value of 6, corresponding to a 

defect-free rate of 99.99966% [4]. The sigma metric 

method is used for monitoring internal quality control 

within a laboratory. Sigma values can serve as a guide to 

develop QC strategies. If the obtained results have a high 

sigma value, the laboratory can more easily formulate QC 

strategies [5]. According to research conducted by B. 

Vinodh Kumar and Thuthi Mohan on IQC (Incoming 

Quality Control) levels 1 and 2 for urea, the average 

performance showed a sigma level of less than 3 [6]. 

Clinical laboratory quality is assessed using different 

quality indicators across various phases of the entire testing 

process, including the pre-analytical, analytical, and post-

analytical stages [7]. Control materials are substances used 

to monitor the accuracy of a laboratory test or to oversee 

the quality of daily test results. Besides commercial 

controls, there are control materials that can be prepared in-

house, such as pooled sera and lyophilized materials. 

Pooled sera consist of a collection of leftover patient serum 

samples that can be processed into control materials [8]. 

Lyophilized material is a collection of leftover serum 

samples (pooled sera) that are processed into a freeze-dried 

form [9]. The lyophilized form is more stable and has a 
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longer shelf life compared to the liquid form [10]. The 

serum used must meet certain criteria, namely it must not 

be icteric, hemolyzed, or lipemic [11]. The pooled serum 

must come from patient serum leftovers that are free from 

HIV and Hepatitis B, verified by screening tests for HIV 

and HBsAg, as these diseases are contagious and can affect 

test results[8]. 

Based on the above description of commercial control 

materials, homemade lyophilized controls, and the 

application of the sigma metric method, this study aims to 

determine whether homemade lyophilized control materials 

can be used as a cost-effective alternative to relatively 

expensive commercial control materials using the sigma 

metric method, especially for blood urea nitrogen (BUN) 

and creatinine tests. 
 

II.  METHOD 
This study is a cross-sectional research observing the 

sigma metric values of commercial control materials and 

homemade lyophilized controls in the examination of blood 

urea nitrogen (BUN) and creatinine. The sample selection 

criteria for this study were students of Poltekkes Kemenkes 

Surabaya aged 19-25 years, who did not have kidney 

diseases such as kidney infection, kidney failure, kidney 

cancer, glomerulonephritis, and were free from infectious 

diseases such as HIV, hepatitis, and others. Additionally, 

the subjects were willing to participate as respondents and 

to complete the informed consent form. The test materials 

used in this study are commercial control materials and 

homemade lyophilized controls for the BUN and creatinine 

parameters. 

The sample size replicated in this study consists of 20 

tests for each of the 2 control materials (commercial control 

and homemade lyophilized control) on 2 parameters, 

namely BUN and creatinine. The data collection method in 

this study uses primary and secondary data from control 

material examinations at a primary clinical laboratory in the 

Bangkalan area, Madura. Primary data were obtained from 

the examination results of the homemade lyophilized 

control materials for the BUN and creatinine parameters. 

Meanwhile, secondary data were obtained from the 

laboratory’s quality control results for the BUN and 

creatinine parameters. 

To determine the true value, two accredited reference 

laboratories with the same equipment and methods were 

used to examine the homemade lyophilized samples in 

duplicate at one reference laboratory and eight times at the 

other reference laboratory for the BUN and creatinine 

parameters. After obtaining the results, the average was 

calculated to be used as the true value. The sigma metric 

value is calculated by subtracting the bias value from the 

TEa value obtained from the CLIA guidelines, then 

dividing by the coefficient of variation. 
 

III.  RESULTS 

The results presented are from the examination of test 

materials consisting of commercial control materials and 

homemade lyophilisates for the BUN and creatinine 

parameters, obtained from two reference laboratories to 

determine the true value of the test materials used. The 

results of the reference laboratory examinations can be seen 

in the table below: 
TABLE 1  

Examination Results of Homemade Lyophilisates at the Reference 

Laboratory 

Day BUN (mg/dL) CREATININE (mg/dL) 

1. 7.7 0.82 

2. 7.4 0.79 

3. 7.6 0.78 

4. 7.5 0.79 

5. 7.4 0.79 

6. 7.5 0.81 

7. 7.6 0.79 

8. 7.7 0.80 

9. 7.6 0.78 

10. 7.7 0.79 

Mean / True Value 7.6 0.79 

Standard Deviation(SD) 0.12 0.01 

Range (Mean ± 2 SD) 7,36 -7,84 0,77 – 0,81 
 

In Table 1, the BUN parameter shows a mean or true 

value of 7.6, with a standard deviation (SD) of 0.12 and a 

range of 7.36 – 7.84. These results are still within the 

normal value range. For the creatinine parameter, the mean 

or true value is 0.79, with a standard deviation (SD) of 0.01 

and a range of 0.77 – 0.81. These results are also within the 

normal value range. 
TABLE 2  

Target Values (True Value) of Commercial Controls at Pratama Clinical 
Laboratory 

Commercial control brand: Normal level, MTD Diagnostics 

No. Parameter Target Values (True Value) Results Reference 

1. BUN 17,7 14,0 – 21,5 

2. Creatinine 1,15 0,92 – 1,38 
 

In Table 2, the BUN parameter shows a target or true 

value of 17.7 with a reference result range of 14.0 – 21.5. 

For the creatinine parameter, the target or true value is 1.15 

with a reference result range of 0.92 – 1.38. 
TABLE 3  

Examination Results of Homemade Lyophilisates at Pratama Clinical 

Laboratory 

Day BUN (mg/dL) CREATININE(mg/dL) 

1. 8.5 0.79 

2. 8.2 0.80 

3. 7.2 0.72 

4. 7.3 0.74 

5. 8.4 0.75 

6. 8.4 0.79 

7. 8.2 0.80 

8. 8.6 0.75 

9. 8.5 0.79 

10. 8.3 0.78 

11. 8.6 0.81 

12. 7.2 0.82 

13. 8.1 0.82 

14. 7.2 0.76 

15. 8.2 0.81 

16. 8.0 0.79 

17. 7.5 0.80 

18. 7.2 0.79 

19. 7.3 0.79 

20. 8.1 0.80 

Mean (x) 7.95 0.79 

Standard Deviation (SD) 0.54 0.03 

Range (Mean ± 2 SD) 6.87 - 9.03 0.73 – 0.85 

Coefficient of Variation 

(CV%) 

6.77 3.47 

Bias (d%) 5.02 - 1.13 

TEa 9 10 

Sigma (σ) 1 3 
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In Table 3, for the BUN parameter, the mean (x) is 7.95, the 

standard deviation (SD) is 0.54, the coefficient of variation 

(CV%) is 6.77, the bias (d%) is 5.02, the allowable total 

error (TEa) is 9, and the sigma (σ) value is 1. These results 

are still within the normal range based on the true value 

from the reference laboratory; however, the CV exceeds the 

maximum allowable limit for the BUN parameter. For the 

creatinine parameter, the mean (x) is 0.79, the standard 

deviation (SD) is 0.03, the coefficient of variation (CV%) is 

3.47, the bias (d%) is -1.13, the TEa is 10, and the sigma 

(σ) value is 3. These results are still within the normal range 

based on the true value from the reference laboratory. 
TABLE 4  

Examination Results of Commercial Controls at Pratama Clinical Laboratory  

Day BUN (mg/dL) CREATININE(mg/dL) 

1. 16.8 1.12 

2. 17.1 1.14 

3. 16.9 1.09 

Day BUN (mg/dL) CREATININE(mg/dL) 

4. 17.7 1.12 

5. 17.9 1.16 

6. 18.2 1.18 

7. 18.7 1.11 

8. 17.5 1.08 

9. 18.8 1.15 

10. 18.9 1.17 

11. 18.7 1.19 

12. 19.0 1.14 

13. 19.0 1.09 

14. 18.0 1.13 

15. 17.5 1.19 

16. 18.1 1.14 

17. 17.8 1.18 

18. 19.0 1.19 

19. 18.9 1.14 

20. 17.5 1.14 

Mean (x) 18.1 1.14 

Standard Deviation (SD) 0.74 0.03 

Range (Mean ± 2 SD) 16.62 – 19.58 1.08 -1.2 

Coefficient of 

Variation (CV%) 

4.10 3.00 

Bias (d%) 2.26 -0.65 

TEa 9 10 

Sigma (σ) 2 3 
 

In Table 4, for the BUN parameter, the mean (x) is 18.1, 

the standard deviation (SD) is 0.74, the coefficient of 

variation (CV%) is 4.10, the bias (d%) is 2.26, the 

allowable total error (TEa) is 9, and the sigma (σ) value is 

2. These results are still within the normal range based on 

the target value of the commercial control at Pratama 

Clinical Laboratory. For the creatinine parameter, the mean 

(x) is 1.14, the standard deviation (SD) is 0.03, the 

coefficient of variation (CV%) is 3.00, the bias (d%) is –

0.65, the TEa is 10, and the sigma (σ) value is 3. These 

results are also within the normal range based on the target 

value of the commercial control at Pratama Clinical 

Laboratory. 

In Table 5, for the BUN parameter in homemade 

lyophilisates, the accuracy is considered poor because 12 

data points exceed the BUN bias limit of 5.57%, while 8 

other data points remain within the normal range. In 

contrast, for the commercial controls, the accuracy is good 

as only 8 data points exceed the BUN bias limit of 5.57%, 

and 12 data points remain within the normal range. 
 

TABLE 5  
Bias Values of the BUN Parameter in Homemade Lyophilisates and 

Commercial Control  

Day 
Bias Values (d%) BUN 

Homemade Lyophilisates Commercial Control 

1. 11.84 5.08 

2. 7.89 3.39 

3. 5.26 4.52 

4. 3.95 0 

5. 10.53 1.13 

Day 
Bias Values (d%) BUN 

Homemade Lyophilisates Commercial Control 

6. 10.53 2.82 

7. 7.89 5.65 

8. 13.16 1.13 

9. 11.84 6.21 

10. 9.21 6.78 

11. 13.16 5.65 

12. 5.26 7.34 

13. 6.58 7.34 

14. 5.26 1.69 

15. 7.89 1.13 

16. 5.26 2.26 

17. 1.32 0.56 

18. 5.26 7.34 

19. 3.95 6.78 

20. 6.58 1.13 
 

TABLE 6  
Bias Values of the Creatinine Parameter in Homemade Lyophilisates 

and Commercial Control  

Day 
Bias Values (d%) Creatinine 

Homemade Lyophilisates Commercial Control 

1. 0 2.61 

2. 1.27 0.87 

3. 8.86 5.22 

4. 6.33 2.61 

5. 5.06 0.87 

6. 0 2.61 

7. 1.27 3.48 

8. 5.06 6.09 

9. 0 0 

10. 1.27 1.74 

11. 2.53 3.48 

12. 3.8 0.87 

13. 3.8 5.22 

14. 3.8 1.73 

15. 2.53 3.47 

16. 0 0.87 

17. 1.27 2.6 

18. 0 3.47 

19. 0 0.87 

20. 1.27 0.87 
 

In Table 6, for the creatinine parameter in homemade 

lyophilisates, good accuracy was obtained because only 3 

data points exceeded the creatinine bias limit of 3.96%, 

while 17 other data points remained within the normal 

range. Similarly, for the commercial controls, good 

accuracy was also obtained as only 2 data points exceeded 

the creatinine bias limit of 3.96%, and 18 data points 

remained within the normal range.  

In Table 8, showed a significant difference in the BUN 

parameter, while no significant difference was found for 

creatinine. The obtained sigma values indicate that 

homemade lyophilisate performs well and is suitable for 

use as a control material for creatinine testing. These 

findings support the research objective of finding an 

effective and affordable alternative control material for 

laboratories. 
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TABLE 7  
Calculation Results of Sigma Metric Values for Homemade Lyophilisates 

and Commercial Controls on BUN and Creatinine Paarameters 

Parameter Control Type TEa (%) d (%) CV(%) Sigma 

BUN 

Homemade 

Lyophilisates 
9 5,02 6,77 1 

Commercial Control  9 2,26 4,10 2 

Creatinine 

Homemade 

Lyophilisates  
10 1,13 3,47 3 

Control Commercial  10 0,65 3,00 3 
 

TABLE 8  

Sigma Value Criteria for Commercial Controls and Homemade 
Lyophilisates on BUN and Creatinine Parameters  

Parameter Control Type Sigma Criteria 

BUN 

Homemade 
Lyophilisate 

1 Unacceptable 

Control Commercial  2 Poor 

Creatinine 

Homemade 

Lyophilisate 
3 Marginal 

Control Commercial 3 Marginal 
 

TABLE 9  
Normality Test Results of Bias Values for Commercial Control and 

Homemade Lyophilisates on BUN and Creatinine Parameters  

Parameter Control Type Significance Explanation 

BUN 

Homemade 

Lyophilisate 0,128 
Normally 

distributed data 
Control Commercial 

Creatinine 

Homemade 
Lyophilisate 0,004 

Data is not 
normally 

distributed Control Commercial 
 

In Table 9, the decision rule for the normality test is that 

if the obtained significance value (p) > 0.05, the data are 

normally distributed, while if the significance value (p) < 

0.05, the data are not normally distributed. The normality 

test results for the bias values of the BUN parameter in 

homemade lyophilisate and commercial control showed 

that the data were normally distributed with a significance 

value of 0.128, so parametric analysis was continued using 

the independent T-test. The normality test results for the 

bias values of the creatinine parameter in homemade 

lyophilisate and commercial control showed that the data 

were not normally distributed with a significance value of 

0.004, so nonparametric analysis was continued using the 

Mann–Whitney test. 
TABLE 10  

Idependent T-Test Results of Bias Values for the BUN Paramter 

Bias Value 

BUN 

Significance Sig. (2-tailed) Explanation 

0,398 0,000 
There is a significant 

difference 
 

In Table 10, the independent T-test results of the bias 

values for the BUN parameter show homogeneous data and 

there is a significant difference between the commercial 
control material and homemade lyophilisates for the BUN 

parameter. In Table 11, the Mann-Whitney test results of 

the bias values for the creatinine parameter show that there 

is no significant difference between the commercial control 

material and homemade lyophilisates. 
TABLE 11  

Mann-Whitney Test Results of Bias Values for the Creatinine Parameter  

Bias Value Creatinine 
Asymp. Sig. (2–tailed) Explanation 

0,605 There is no difference 
 

IV. EXPLANATION 

The obtained true value results showed good outcomes 

because the true values remained within the acceptable 

range and had a small standard deviation (SD). This 

statement aligns with [10], who explained that the smaller 

the coefficient of variation (CV, expressed as % SD), the 

more precise the system or method is, and vice versa[12]. A 

small SD indicates a narrow or close range of results, which 

means good precision. This is consistent with [13], who 

stated that good precision reflects a high level of accuracy 

because it can produce the same or similar results when 

tests are repeated[14]. Meanwhile, the target value (true 

value) of the commercial control material has been 

predetermined by the manufacturer. 

The CV value, or imprecision, is used to measure how 

close repeated test results are on the same sample[15]. A 

low CV indicates good precision because it provides 

consistent measurements with minimal variation[16]. 

Precision is also used to indicate the presence of random 

errors [17]. This is in accordance with [10], who explained 

that precision values are used to measure the accuracy of a 

system or method and to indicate random errors; therefore, 

the smaller the precision value, the more accurate the 

system or testing method. The maximum allowable CV 

values are 5.7% for the BUN parameter and 8.9% for the 

creatinine parameter [10]. From the CV results obtained, 

only the CV of the homemade lyophilisates for the BUN 

parameter exceeded the maximum limit, indicating poor 

precision. The other results remained within the normal 

range, indicating good precision. 

Bias or inaccuracy is a value used to measure how 

close test results are to the true value. Bias is used to assess 

the presence of systematic errors by measuring the 

inaccuracy of a method. The lower the bias value, or the 

closer the bias is to the true value, the higher the accuracy. 

This aligns with [13], who explained that the smaller the 

bias obtained, the higher the accuracy of the examination. 

Bias values can be positive or negative; a positive bias 

indicates a value higher than it should be, while a negative 

bias indicates a value lower than it should be [18]. Based on 

the bias results for both BUN and creatinine parameters, the 

bias values indicate good (acceptable) accuracy. Both the 

homemade lyophilisates and commercial control did not 

exceed the maximum allowable bias limits. According to 

CLIA, the maximum allowable bias is 5.57% for BUN and 

3.96% for creatinine[19]. The variability of bias values 

exceeding the bias limit may be caused by several factors, 

such as the instability of homemade lyophilisate during 

storage or inconsistent rehydration processes. In addition, 

differences in technique or operator experience can also 

affect test results. The application of the sigma metric in 

internal quality control (IQC) can improve test quality by 

using sigma values as a reference to design effective 

internal quality improvement strategies [4]. The 

implementation of sigma in Internal Quality Control (IQC) 

explains the control rules using Westgard rules and the 

frequency of quality control execution based on the 

obtained sigma values[20]. For example, if the sigma value 

is ≤ 2, all Westgard rules (n=6) are applied, with quality 

control performed once every 10 patient samples. If the 

sigma value is 3, all Westgard rules are applied with quality 

control once every 45 patient samples [21]. A high sigma 

value indicates a low probability of error, and vice versa 
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[13]. If a parameter’s sigma value is less than three, it can 

be concluded that the sigma method cannot be used as a 

routine method, indicating the need for evaluation due to 

process instability [22]. Variations in sigma values can be 

influenced by systematic and random errors. This aligns 

with [19], who explained that systematic errors affect all 

samples evenly and proportionally, causing shifts in control 

means either gradually or suddenly [23]. Causes of 

systematic errors include reagent or calibrator lot changes, 

improper reagent preparation, reagent or calibrator damage, 

incorrect calibrator values, inaccurate reagent or sample 

volumes due to pipette miscalibration, inappropriate room 

or incubation temperatures, cuvette or lamp damage or 

wear, and light source failure [24]. Random errors can be 

caused by bubbles in reagent or sample lines, poorly 

homogenized reagents or controls, power fluctuations, 

fluctuating room or incubation temperatures, clumps or 

small bubbles during pipetting, and operator variations in 

following procedural steps[25]. Parametric testing using an 

independent T-test on bias values for the BUN parameter 

showed a significant difference between commercial 

control material and homemade lyophilisates, with a 

significance value of 0.000. Non-parametric testing using 

the Mann-Whitney test on bias values for the creatinine 

parameter showed no significant difference between 

commercial control and homemade lyophilisates, with an 

Asymp. Sig. (2-tailed) of 0.605. Based on these results, it 

can be concluded that homemade lyophilized control 

materials cannot be used as an alternative to commercial 

control materials for the BUN parameter, whereas 

homemade lyophilized controls can be used as an 

alternative to commercial control materials for the 

creatinine parameter based on the sigma metric values.  The 

use of homemade lyophilized controls can have a positive 

impact on laboratory testing, especially in areas with 

limited funding. With costs significantly lower than 

commercial controls, homemade lyophilized materials can 

maintain their quality as long as they are stored and used 

properly. Additionally, these homemade lyophilized 

controls are stable during storage, allowing them to be used 

for quality control over a relatively long period without 

compromising the accuracy of the results [2].The 

limitations of this study include a gap during the research 

process and the potential for pre-analytical errors. 
 

V. CONCLUSION 

This study shows that for the BUN parameter, both the 

homemade lyophilized material and the commercial control 

achieved good accuracy values because they did not exceed 

the maximum allowable BUN bias limit. However, the 

precision value for the homemade lyophilized material was 

poor as it exceeded the maximum allowable BUN CV limit, 

whereas the commercial control had good precision because 

it did not exceed the maximum allowable BUN CV limit. 

For the creatinine parameter, both the homemade 

lyophilized material and the commercial control achieved 

good accuracy values because they did not exceed the 

maximum allowable creatinine bias limit. The precision 

values for both the homemade lyophilized material and the 

commercial control were also good because they did not 

exceed the maximum allowable creatinine CV limit. 

Regarding the sigma metric results for the BUN parameter, 

both the homemade lyophilized material and the 

commercial control had sigma values less than 3, so the 

sigma method cannot be used as a routine method and 

requires evaluation. However, these results are still within 

the normal range based on the Levey-Jennings control chart 

method evaluated using Westgard rules. Therefore, quality 

control should be performed using all Westgard rules (n=6) 

with a quality control frequency of once per 10 patient 

samples. For the creatinine parameter, both the homemade 

lyophilized material and the commercial control had sigma 

values of 3, which is considered marginal. Thus, quality 

control should also be performed using all Westgard rules 

(n=6) with a quality control frequency of once per 45 

patient samples. In conclusion, for the BUN parameter, 

there is a significant quality difference between the 

commercial control material and the homemade lyophilized 

material, so the homemade lyophilized material cannot be 

used as an alternative substitute in the implementation of 

internal quality control (IQC). Meanwhile, for the 

creatinine parameter, there is no significant quality 

difference between the commercial control material and the 

homemade lyophilized material, so the homemade 

lyophilized material can be used as an alternative substitute 

in the implementation of internal quality control (IQC).  

The benefits of using homemade lyophilized controls for 

laboratory testing include cost savings due to the high price 

of commercial control materials. Homemade lyophilized 

controls can also be tailored to the laboratory's needs, are 

easy to store, and remain stable for a long period if stored 

properly. This allows laboratories in resource-limited areas 

to maintain the quality of testing without compromising the 

accuracy of the results. 
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