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Abstract
The quality of pharmaceutical products constitutes a fundamental pillar in

safeguarding public health and ensuring the safety and efficacy of therapeutic
interventions. Its importance is particularly pronounced in developing countries,
which often face challenges related to variability in production processes and the
need to comply with international regulatory standards. In this context, the present
study aims to propose an integrated positive statistical framework for evaluating
pharmaceutical product quality through the systematic integration of Statistical
Quality Control (SQC) techniques and Multivariate Analysis of Variance
(MANOVA). The framework is applied through a case study conducted at Blue Nile
Pharmaceutical Industries in Sudan over the period 2017-2019.

The study is based on real operational data obtained from quality control laboratory
records and covers critical pharmaceutical quality attributes, including active
ingredient assay, dissolution, disintegration, weight variation, hardness, and
friability. Statistical control charts and process capability indices (Cp, Cpk, and
Cpm) were employed to assess process stability and capability in meeting
specification limits, while MANOVA was applied to analyze joint differences
among quality characteristics according to test type and production batches.

The results indicate that most production processes exhibit a high level of statistical
stability and process capability. Statistically significant multivariate differences
were observed with respect to test type, whereas no significant differences were
found among production batches, reflecting process homogeneity and consistent
operational performance. The scientific and practical contribution of this study lies
in the development and application of quantitative positive statistical indicators,
including the Positive Empowerment Index (PEI), the Coverage Index (Cl), and the
Composite Positive Advancement Index (CPAI). These indicators support evidence-
based decision-making and promote continuous and sustainable improvement of
guality systems in the pharmaceutical industry.

Keywords: Positive Statistics; Statistical Quality Control; Multivariate Analysis of
Variance (MANOVA); Pharmaceutical Quality; Process Capability
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Normal Q-Q Flot of Amax-

for X1= Assay

Expected Normal
i

Q99 100 101 Dbser‘:ﬂezd Value 103 104 105
a1l Amax  paatial Lfg,nhl\ Q-Q ki :(4) J<idl
il Ot i) oy o susd) ASCine oseid 1(2) Jodd
Variables VIF Tolerance
X4 1.000 1.000
X, 1.000 1.000
(MANOVA)suadl oldl Jod€ jlast mit 1(3) Jaudr)
Independent variables Statistic test Pillai's Trace F P. Value
X, 0.000 31.160 0.000
X, 0.039 0.933 0.489
Independent variables Statistic test Wilk’s Lambda F P. Value
X, 0.000 398.645 0.000
X, 0.961 0.934 0.488
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Independent variables | Statistic test Hotelling's Trace F P. Value
X, 0.000 0.00016 0.000
X, 0.040 0.936 0.487
Independent variables Statistic test Roy's Largest F P. Value
Root
X, 0.000 0.00067 0.000
X, 0.037 1.724 0.146
@3- ool datd) gt o sV gy b @il 1(4) Jaud!

Dependent Variable F-Value F
Amax 1 mg (Y1) 48100 0.000
Amax 2 mg (Y2) 33090 0.000
Amax 3 mg (Y3) 37810 0.000
Amax 4 mg (Ya) 47320 0.000

it oipadl Jo (Batches) cdlaidl g 156 miw :(5) Jauid

Dependent Variable F-Value F
Amax 1 mg (Y1) 0.043 0.958
Amax 2 mg (Y>) 1.508 0.224
Amax 3 mg (Y3) 0.134 0.874
Amax 4 mg (Ya) 0.344 0.709

iad) ot gy Joldd) ST et il 1(6) Jgud!

Independent variables Statistic test F P. Value

Reciprocal influence X1 *X5) Pillai’s Trace 0.746 0.875
Reciprocal influence (X;*X5) Wilk’s Lambda 0.748 0.873

Sy Jls Yl g s g adlgll 5354 atlas o 3S7all Ggdll ) (MANOVA) saadt oLl WE plasead £

et B39 atlas OF ) ety L QL g ) i Alam] AYs 0I5 Badate B9 ey il pebly Y

Al oy Al WY o1 By b mstadl gl b o B (3. oS 5T SUsdl LtV b okt Sl Y1 LS5l 3

e Sl MY (g 1B s pde e Jiiy (ool e Y Ly Slleall (Gl S b say R )

. gL@J\ éx;l.\ 33}2-

on el o Lladl e wpud) (B agle ) 855 o 3 Okl sdaze flodl) alasean FY] C;LMJ\ RENLY

(@Y1 o) plasid ks oo b Y 0 ) Adll) aslad
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g Y il ol a il il 4.5

Al gul) okl 339 el i) Al 5L (7) Jgi
(CPAI Y il (A pailt ¢ CLidaadt ja50 ¢ PET glgi) (St ja40)

97.45 97.59 98.61 98.58 PEI
100.00 100.00 100.00 100.00 CI
98.73 98.80 99.30 99.29 CPAI

91.87 92.80 90.91 91.40 PEI
100.00 100.00 100.00 100.00 CI
95.93 96.40 95.50 95.70 CPAI

74.34 76.50 79.11 73.25 PEI
100.00 100.00 100.00 100.00 CI
87.17 88.25 89.56 86.63 CPAI

98.14 97.60 96.43 98.23 PEI
100.00 100.00 100.00 100.00 CI
99.07 98.80 98.21 99.11 CPAI

56.97 44 .91 47.39 57.42 PEI
100.00 100.00 100.00 100.00 CI
78.48 72.45 73.70 78.71 CPAI

91.98 77.14 84.63 82.91 PEI
100.00 100.00 100.00 100.00 CI
95.99 88.57 92.31 91.45 CPAI
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