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Abstract
      Background: Accurate, timely, and complete healthcare documentation is the cornerstone of patient safety, continuity of care, and data-driven decision-making. In many low- and middle-income countries, paper-based records remain predominant, but they are prone to misfiling, illegibility, incompleteness, and inefficiency. To address these gaps, Deder General Hospital implemented an Electronic Medical Record (EMR) system in November 2024. However, empirical evidence on its impact in resource-constrained, non-tertiary hospitals is limited.
Objective: To evaluate the impact of EMR implementation on the quality, accuracy, and efficiency of healthcare documentation at Deder General Hospital, Oromia Region, Eastern Ethiopia.
Methods: An institutional-based pre-post study design was employed. A total of 600 patient records (300 pre-EMR and 300 post-EMR) were systematically sampled across Outpatient, Inpatient, and Emergency departments. Additionally, 100 healthcare providers were surveyed regarding their experience with EMR use. Data were collected using structured audit checklists and interviewer-administered questionnaires. Descriptive statistics were computed, and multivariable logistic and linear regression analyses were performed to identify factors associated with documentation outcomes. Statistical significance was declared at p < 0.05.
Results: EMR implementation was strongly associated with improvements across all documentation domains. The odds of having all required fields completed were 24.1 times higher (AOR: 24.1, 95%CI: 16.0–36.4, p < 0.001), and the likelihood of diagnosis documentation was 40.1 times greater (AOR: 40.1, 95% CI: 24.5–65.7, p < 0.001). Complete investigation and treatment entries increased nearly forty-fold (AOR: 39.5, 95% CI: 24.1–64.8, p < 0.001). Data accuracy improved substantially, with correct alignment between patient records and laboratory/prescription data 30.5 times more frequent (AOR: 30.5, 95% CI: 19.4–48.0, p < 0.001), and documentation errors reduced by 19.3 per 100 records (p < 0.001). Efficiency gains included a 22.3-minute reduction in patient file retrieval time and a 9.0-minute reduction in record update time (both p < 0.001). Healthcare providers' satisfaction also improved; they were 24.7 times more likely to recommend the EMR system (AOR: 24.7, 95% CI: 12.3–49.6, p < 0.001) and 22.8 times more likely to agree that it improved record quality (AOR: 22.8, 95% CI: 11.7–44.4, p < 0.001).
Conclusion: The implementation of EMR at Deder General Hospital resulted in significant improvements in documentation quality, accuracy, efficiency, and provider satisfaction. These findings highlight the transformative potential of EMRs in enhancing patient care and health information management in resource-limited settings.
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Introduction
The shift from paper-based to electronic medical records is a cornerstone of the digitization and quality improvement of the health system. Accurate, complete, and timely health documentation is essential for delivering high-quality healthcare, as it supports clinical decision-making, ensures patient safety, facilitates continuity of care, and enables effective health system management [1, 2]. However, healthcare facilities in many low- and middle-income countries still rely on paper-based medical records, which are associated with numerous challenges, including poor storage, lost patient files, illegible handwriting, incomplete data entry, and inefficient retrieval systems [3]. These limitations not only affect the quality and safety of patient care but also hinder data-driven decision-making at both the institutional and national levels.
Electronic medical records (EMRs), defined as digital copies of paper patient records within a single healthcare facility, offer a radical solution to these challenges [4]. They enable systematic data entry, immediate access to patient information, automated alerts, and audit records. Evidence from high-income countries indicates that electronic medical records (EMRs) significantly improve the quality of documentation, reduce medical errors, enhance workflow efficiency, and strengthen population health management [5]. Consequently, the adoption of EMRs has become a global priority for improving the quality of healthcare, patient safety, and health system performance.
In Ethiopia, the Federal Ministry of Health has prioritized digital transformation through its Digital Health Strategy (2021–2025), which encourages the implementation and scaling up of EMR systems in all public health facilities [6]. In line with this national agenda, Deder General Hospital—a referral hospital serving over 1.5 million people in the East Harar region—began implementing an EMR system in November 2024, with technical and financial support from the Ministry of Health and development partners. Prior to this transition, the hospital relied entirely on paper-based documentation, which was plagued by persistent issues such as lost files, delayed retrieval, duplicate records, illegible handwriting, and inadequate documentation [7]. These challenges have undermined patient safety, continuity of care, and the overall quality of health information.
The introduction of electronic medical records (EMRs) at Deder General Hospital was intended to address these chronic deficiencies and improve documentation practices. However, despite anecdotal reports of improvements, there is no empirical evidence to assess whether the EMR system has achieved the desired outcomes, particularly regarding the quality, accuracy, and efficiency of documentation. Furthermore, there is a significant lack of contextual evidence regarding the implementation of EMRs in rural hospitals with limited resources in Ethiopia, which hinders institutional learning and evidence-based decision-making for scaling up the application [1].
Prior to the implementation of EMRs, the hospital faced persistent challenges related to paper-based documentation, including frequent loss of medical records, illegible handwriting, delays in file retrieval, and incomplete patient information [7]. These issues have compromised patient safety, reduced the reliability of clinical data, and negatively impacted service delivery. Although electronic medical record (EMR) systems are designed to mitigate these problems, the lack of pre- and post-implementation data has made it difficult to determine whether the transition has led to tangible improvements.
Therefore, this study was conducted to address this critical evidence gap by evaluating the impact of EMR implementation on documentation practices at Deder General Hospital using a pre- and post-implementation study design. This study is both strategically important and timely, as it assesses the EMR system during its initial implementation phase, providing valuable insights into its effectiveness in a real-world, resource-constrained environment.


Materials and methods
Study setting
The study was conducted at Deder General Hospital, a government hospital in the East Harar Zone of the Oromia Region. The hospital provides services in internal medicine, surgery, pediatrics, obstetrics and gynecology, and emergency care. It serves a population of over 1.5 million, has 120 inpatient beds, and receives over 134,500 patient visits annually.
Study design
An institution-based pre- and post-interventional study design was used to compare documentation indicators before and after the implementation of electronic medical records.
Study population
The study population includes all individuals and records relevant to the evaluation of electronic medical record (EMR) implementation at Deder General Hospital. It is divided into two main components: (1) patient medical records used for documentation auditing, and (2) healthcare providers involved in clinical documentation and the use of EMR.
Sample size and sampling
The sample size was calculated using the standard formula for estimating a single population proportion:  , Where: Z α/2 = 1.96 (Z-value for 95% confidence level), P = 0.5% (Assumed proportion for maximum variability due to lack of local baseline data, d= Margin of error (5%).  .  While initial calculations yielded an n=384 value for a single ratio, the study adopted a pairwise before-and-after comparison design.

A sample of 300 pairs provided greater than 99% statistical power to detect the observed absolute increase of 61.7% in documentation completeness (from 30% to 91.7%) at a significance level of α=0.05, assuming a conservative correlation between the before-and-after measurements. A 10% margin of error was applied to account for unusable records (missing, incomplete, or illegible). Therefore, an initial 334 records were selected for each period (before and after the implementation of the electronic medical record). After screening, the first 300 fully usable records from each period were included in the final analysis.
Using a stratified sampling method, 100 healthcare workers were selected from a pool of 165 interviewed after the implementation of the electronic medical record system, ensuring comprehensive representation of all major professional categories involved in documentation. The sampling frame was derived from a list of hospital staff, and participants were stratified by their professional role, with sample sizes allocated proportionally to each group. Nurses constituted the largest group with 80 nurses (48.5%), totaling 49 participants; followed by midwives with 25 midwives (15.2%), totaling 15 participants; pharmacists with 22 midwives (13.3%), totaling 13 participants; and finally, administrative staff and laboratory technicians with 6 participants out of 10 (6.1%). Physicians (9 employees, 5.5%) were represented by 6 participants, electronic medical record data entry staff (7 employees, 4.2%) by 4 participants, and health information systems support staff (2 employees, 1.2%) by 1 participant. Within each category, a systematic sampling method was applied by selecting each member of the k-team based on the ratio of the total number of employees to the allocated sample size, ensuring a fair and evenly distributed selection process across all strata.
Data Collection Tools and Procedures
The study employed multiple tools to collect quantitative and qualitative data, including a structured checklist to audit 600 patient medical records for completeness, accuracy, timeliness, clarity, and error management, and a structured questionnaire distributed to 100 healthcare providers to assess documentation efficiency and its impact on workflow and user satisfaction. The tools were initially developed in English, then translated into Oromo, and subsequently retranslated to ensure consistency. Data were collected by six trained professionals (four Bachelor of Science nurses and two midwives) following two days of training on the study's objectives, procedures, and ethical considerations. Daily supervision was provided by the principal investigator and supervisor, with random checks performed on 10% of completed tools to ensure data quality. Data reliability was assessed using Cronbach's alpha (α = 0.82) for the questionnaire and Cohen's kappa (κ = 0.85) for the record audits. Key indicators included data completeness, clarity, timeliness, error rates, retrieval time, update time, and user satisfaction, measured using a five-point Likert scale.
Data processing and analysis
Data were entered twice into EpiData to minimize input errors and then exported to SPSS version 27 for analysis. Descriptive statistics were used to summarize the characteristics of the study population and the main variables. Inferential analysis included paired t-tests for continuous variables, McNemar's test for categorical variables, and two-way logistic regression to identify factors associated with the outcomes. Model fit was assessed using the Hosmer-Lemicho test, and multicollinearity was assessed using the Variance Inflation Coefficient (VIF). Statistical significance was set at p < 0.05.
Ethical considerations
Ethical approval was obtained from the Research Ethics Review Board of the Oromia Regional Health Bureau. Formal consent letters were also obtained from the Oromia Regional Health Bureau and the Deder General Hospital administration prior to data collection. Individual consent was not required for patient record review as no personally identifiable information was recorded. Written informed consent was obtained from each healthcare provider for the survey and interviews. All collected data was kept strictly confidential.



Results
The findings from the pre-post evaluation of the EMR system implemented at Deder General Hospital. Data from 600 patient records (n=600; 300 pre-EMR and 300 post-EMR) and surveys from 100 healthcare providers were analyzed to assess changes in documentation completeness, data accuracy, documentation efficiency, error management, and user satisfaction. 
Socio-demographic Characteristics of Healthcare Providers
A total of 100 healthcare providers participated in the post-implementation survey. The sample was stratified to ensure representation across key professional groups involved in documentation. Nurses constituted the largest group (49%, n=49), reflecting their central role in patient care. Midwives made up 15% (n=15) of respondents, followed by pharmacists (13%, n=13). Physicians and laboratory technicians were each represented by 6% (n=6) of the sample. Administrative staff (6%, n=6), EMR data clerks (4%, n=4), and Integrated Emergency Surgeon (IESO) (1%, n=1) were also included to capture a comprehensive view of system users. The majority of respondents reported having received formal EMR training, which is a critical factor for successful system adoption.
Documentation Completeness
The implementation of the electronic medical records system led to a significant and statistically significant improvement in the completeness of patient data documentation. The percentage of records containing the patient's name increased from 129(43%) before the EMR implementation to 300(100%) post-EMR implementation. Similarly, the percentage containing the medical record number increased from 138(46%) to 300(100%). The composite measure of overall documentation completeness also increased from 90(30.0%) before the system's implementation to 275(91.7%) after its implementation (Table 1). 


Table 1: Documentation completeness (n=300 per period), April 2025.
	Documentation Indicator
	Pre-EMR # (%)
	Post-EMR # (%)

	Patient name recorded
	129 (43.0%)
	300 (100.0%)

	MRN present
	138 (46.0%)
	300 (100.0%)

	Date of service recorded
	132 (44.0%)
	300 (100.0%)

	Diagnosis documented
	126 (42.0%)
	294 (98.0%)

	Treatment plan recorded
	120 (40.0%)
	292 (97.3%)

	Prescribed meds complete
	114 (38.0%)
	288 (96.0%)

	All required fields completed
	90 (30.0%)
	275 (91.7%)



Documentation Completeness by Departments
All major hospital departments experienced significant improvements in documentation completeness, with 100% patient name registration achieved in each department after the implementation of the electronic medical records system (EMS). The accuracy of treatment plans and medication details also improved considerably across all departments (Table 6). The "Completion of All Required Fields" index rose to over 94% in all departments, compared to less than 35% before EMS implementation. Specifically, the percentage improved in the outpatient department from 27.3% to 94.5%, in the inpatient department from 26.7% to 94.4%, and in the emergency department from 33.3% to 95.6%. This consistency indicates the success of EMS in standardizing documentation practices regardless of the clinical setting (Table 2).
Table 2: Documentation completeness by department (n=300 per period), April 2025.
	Variables
	Department
	Pre-EMR # (%)
	Post-EMR # (%)

	
Patient name recorded
	OPD
	69 (41.8%)
	165 (100%)

	
	IPD
	39 (43.3%)
	90 (100%)

	
	EMER
	21 (46.7%)
	45 (100%)

	
Diagnosis clearly documented
	OPD
	63 (38.2%)
	162 (98.2%)

	
	IPD
	33 (36.7%)
	88 (97.8%)

	
	EMER
	21 (46.7%)
	44 (97.8%)

	
Treatment plan recorded
	OPD
	57 (34.5%)
	160 (97.0%)

	
	IPD
	30 (33.3%)
	87 (96.7%)

	
	EMER
	18 (40.0%)
	42 (93.3%)

	
Complete medication details
	OPD
	51 (30.9%)
	158 (95.8%)

	
	IPD
	27 (30.0%)
	86 (95.6%)

	
	EMER
	15 (33.3%)
	44 (97.8%)

	
All required fields completed
	OPD
	45 (27.3%)
	156 (94.5%)

	
	IPD
	24 (26.7%)
	85 (94.4%)

	
	EMER
	15 (33.3%)
	43 (95.6%)



Data Accuracy and Consistency
The electronic medical records system has led to a significant improvement in data accuracy. The average number of errors per 100 records decreased from 22.4 (SD=3.1) before the system was implemented to 3.1(SD=0.8) after its implementation, representing an 86% reduction. The percentage of duplicate data entries in patient files also decreased from 34.0% to 6.7%. The rate of lost or missing files dropped from 32.0% to just 0.7% (Table 3).
Table 3: Data accuracy and consistency (n = 300 per period), April 2025.
	Accuracy Indicator
	Pre-EMR (Mean ± SD) / # (%)
	Post-EMR (Mean ± SD) / # (%)

	Avg. errors per 100 records
	22.4 ± 3.1
	3.1 ± 0.8

	Evidence of duplicate entries
	102 (34.0%)
	20 (6.7%)

	Patient info accessible across service areas
	60 (20.0%)
	300 (100.0%)

	Continuity of patient data maintained
	60 (20.0%)
	300 (100.0%)

	Accuracy Indicator
	Pre-EMR (Mean ± SD) / # (%)
	Post-EMR (Mean ± SD) / # (%)


Data Accuracy and Consistency by Department
The implementation of the Electronic Medical Record (EMR) system resulted in a significant overall improvement (p < 0.001) in data accuracy across all departments. The average number of errors per 100 records decreased significantly in each department: from 0.39% to 0.08% in the outpatient department, from 0.37% to 0.07% in the inpatient department, and from 0.36% to 0.08% in the EMR department. The percentage of records matching original documents (such as lab reports and prescriptions) also saw substantial gains, rising to over 95% in all departments, compared to less than 41% before the EMR system was implemented. This indicates that the data validation and structured data entry features of the EMR system effectively improved accuracy regardless of the clinical setting (Table 4).
Table 4: Data Accuracy and Consistency by Department (n=300 per period), April 2025
	Accuracy Indicator
	Department
	Pre-EMR
	Post-EMR

	Avg. errors per 100 records
	OPD
	0.39%
	0.08%

	
	IPD
	0.37%
	0.07%

	
	EMER
	0.36%
	0.08%

	Records matching source documents
	OPD
	57 (34.5%)
	159 (96.4%)

	
	IPD
	30 (33.3%)
	87 (96.7%)

	
	EMER
	18 (40.0%)
	43 (95.6%)

	Patient identifiers match across departments
	OPD
	51 (30.9%)
	156 (94.5%)

	
	IPD
	27 (30.0%)
	85 (94.4%)

	
	EMER
	18 (40.0%)
	44 (97.8%)

	Duplicate patient records per month
	OPD
	6.2
	0.8

	
	IPD
	4.8
	0.7

	
	EMER
	3.2
	0.6


Data Accuracy and Consistency by Professional Category
[bookmark: _bookmark71]All professional categories showed a significant reduction in data entry errors. The average number of errors per 100 records decreased by 76% to 86% across all groups. Electronic medical record (EMR) data entry staff recorded the highest percentage decrease (85.7%), with their error rate dropping from 4.2 to 0.6 per 100 records. This indicates that the built-in verification in the EMR system and structured data entry have effectively improved data accuracy for users across all roles and experience levels (Table 5).
Table 5: Data Accuracy and Consistency by Professional Category (n=300 per period), April 2025
	Profession
	Avg. Errors per 100 Records (Pre) (%)
	Avg. Errors per 100 Records (Post) (%)

	Nurses
	0.38
	0.09

	Midwives
	0.36
	0.08

	Doctors
	0.37
	0.07

	Pharmacists
	0.41
	0.08

	Lab Technicians
	0.43
	0.09

	IESO
	0.45
	0.01

	EMR Data Clerks
	0.42
	0.06

	Administrative Staff
	0.39
	0.08


Documentation efficiency
The electronic medical records system has led to significant improvements in documentation efficiency. The average time required to retrieve a patient's record decreased from 24.6 minutes before the system was implemented to only 2.3 minutes after its implementation. The time required to complete a patient's record was also reduced by almost half, from 18.4 minutes to 9.4 minutes (Table 6).
Table 6: Documentation Efficiency (n=300 per period), April 2025
	Efficiency Indicator
	Pre-EMR (Mean ± SD)
	Post-EMR (Mean ± SD)

	Time to retrieve record
	24.6 ± 3.1 Min
	2.3 ± 0.8 Min

	Time to complete one patient record
	18.4 ± 2.5 Min
	9.4 ± 1.2 Min

	Time to retrieve past patient record
	23.2 ± 2.9 Min
	2.1 ± 0.7 Min

	Time to prepare routine report (hours)
	8.4 ± 1.1 hrs.
	1.9 ± 0.4 hrs.


Documentation efficiency by department
Efficiency gains were consistent across all outpatient, inpatient, and emergency departments. All departments experienced a more than 90% reduction in record retrieval time and a nearly 50% reduction in the time required to complete a patient's record. Data entry frequency was also reduced to 0.5 times or less per visit in each department (Table 7).





Table 7: Documentation Efficiency by Department (n=300 per period), April 2025
	Efficiency Indicator
	Department
	Pre-EMR (Mean)
	Post-EMR (Mean)

	Time to	retrieve patient record (min)
	OPD
	25.2 Min
	2.4 Min

	
	IPD
	23.8 Min
	2.2 Min

	
	EMER
	24.8 Min
	2.3 Min

	Time to update record (min)
	OPD
	17.2 Min
	8.3 Min

	
	IPD
	16.4 Min
	8.0 Min

	
	EMER
	16.8 Min
	8.0 Min

	Time to complete one patient record (min)
	OPD
	18.8 Min
	9.6 Min

	
	IPD
	18.0 Min
	9.2 Min

	
	EMER
	18.4 Min
	9.4 Min


Documentation Efficiency by Professional Category
All professional groups experienced major and statistically significant efficiency improvements. The time to retrieve a record was reduced by approximately 90-91% for each category. The time to update a record was also cut by about half (50-52%) for all users (Table 8).
Table 8: Documentation Efficiency by Professional Category (n=300 per period), April 2025
	Profession
	Time to Retrieve Record (Pre)
	Time to Retrieve Record (Post)

	Nurses
	24.2 Min
	2.3 Min

	Midwives
	23.6 Min
	2.2 Min

	Doctors
	24.8 Min
	2.4 Min

	Pharmacists
	25.4 Min
	2.1 Min

	Lab Technicians
	23.8 Min
	2.3 Min

	IESO
	26.2 Min
	2.5 Min

	EMR Data Clerks
	24.6 Min
	2.2 Min

	Administrative Staff
	25.0 Min
	2.4 Min


User Satisfaction and Perceived Usability score
Among 100 healthcare providers surveyed, overall satisfaction with the EMR system was high, with a mean score of 4.2 (SD=0.9) out of 5. A strong majority agreed or strongly agreed that the EMR improves the quality of patient records (87%) and is easy to use (80%). Most users also felt the system saves time (75%) and would recommend it to other hospitals (84%) (Figure 1).
Figure 1: Overall satisfaction score with the EMR system (n=100), April 2025
Table 9: User satisfaction and perceived usability score (n = 100), April 2025.
	Usability and Satisfaction Indicator
	Strongly Agree # (%)
	Agree # (%)
	Neutral
# (%)
	Disagree
# (%)
	Strongly Disagree
# (%)
	Mean Score (SD)
	Median (IQR)

	The EMR system is easy to use.
	38 (38.0%)
	42 (42.0%)
	12(12.0%)
	6 (6.0%)
	2 (2.0%)
	4.1(±0.8)
	4.0 (4.0-5.0)

	The EMR saves time in documentation.
	30 (30.0%)
	45 (45.0%)
	15(15.0%)
	7 (7.0%)
	3 (3.0%)
	4.0(±0.9)
	4.0 (4.0-5.0)

	The EMR improves the quality of patient records.
	40 (40.0%)
	47 (47.0%)
	8 (8.0%)
	4 (4.0%)
	1 (1.0%)
	4.3(±0.7)
	5.0 (4.0-5.0)

	I receive adequate technical support when facing EMR issues.
	20 (20.0%)
	35 (35.0%)
	25(25.0)
	14(14.0%)
	6 (6.0%)
	3.5(±1.0)
	4.0 (3.0-4.0)

	The system is reliable (rarely crashes or freezes).
	22 (22.0%)
	38 (38.0%)
	20(20.0%)
	13(13.0%)
	7 (7.0%)
	3.6(±1.1)
	4.0 (3.0-4.0)

	I am satisfied with the EMR system overall.
	35 (35.0%)
	40 (40.0%)
	10(10.0%)
	9 (9.0%)
	6 (6.0%)
	4.0(±0.9)
	4.0 (4.0-5.0)

	I would recommend EMR use in other hospitals.
	44 (44.0%)
	40 (40.0%)
	8 (8.0%)
	5 (5.0%)
	3 (3.0%)
	4.2 (±0.8)
	5.0 (4.0-5.0)


Mean Satisfaction Scores by Professional Category
Satisfaction levels varied slightly by professional category. EMR Data Clerks, Pharmacists, and Administrative Staff reported the highest overall satisfaction (scores of 4.5, 4.4, and 4.4 respectively). Nurses, Midwives, Doctors, and Lab Technicians also reported high satisfaction (scores between 4.1 and 4.3). IESO were the least satisfied group, with an overall score of 3.6, indicating a potential need for targeted training and support for this group (Table 10).
A one-way ANOVA was conducted to compare the effect of professional category on overall satisfaction. The test yielded a statistically significant result (F(7,92) = 8.42, p<0.001), indicating that at least one group mean is different. A post-hoc Tukey’s HSD test revealed that the satisfaction score of IESO (M=3.6) was significantly lower than that of Nurses (M=4.1), Midwives (M=4.3), Doctors (M=4.2), Pharmacists (M=4.4), Lab Technicians (M=4.3), EMR Data Clerks (M=4.5), and Administrative Staff (M=4.4, p<0.001) (Table 10).
Table 10: Mean Satisfaction Scores by Professional Category (n = 100), April 2025
	Profession
	Ease of Use
	Saves Time
	Improves Quality
	Tech Support
	System Reliability
	Overall Satisfaction

	Nurses
	4
	3.9
	4.3
	3.7
	3.8
	4.1

	Midwives
	4.2
	4.1
	4.5
	3.9
	4
	4.3

	Doctors
	4.1
	4
	4.4
	3.8
	3.9
	4.2

	Pharmacists
	4.3
	4.2
	4.6
	4
	4.1
	4.4

	Lab Technicians
	4.2
	4.1
	4.5
	3.9
	4
	4.3

	IESO
	3.5
	3.4
	3.8
	3.2
	3.3
	3.6

	EMR Data Clerks
	4.4
	4.3
	4.7
	4.1
	4.2
	4.5

	Administrative Staff
	4.3
	4.2
	4.6
	4
	4.1
	4.4

	Overall Mean
	4.1
	4
	4.4
	3.8
	3.9
	4.2



Factors Associated with the Impact of EMR Implementation on Documentation Quality, Accuracy, and Efficiency
Bivariate and multivariate logistic and linear regression analyses were conducted to identify factors significantly associated with improvements in the quality, accuracy, and efficiency of healthcare documentation following the implementation of electronic medical records (EMRs). Variables with p-values less than 0.25 in the bivariate analysis were selected for inclusion in the multivariate model to control for potential confounding factors. The final multivariate model identified EMR implementation as the primary driver of significant improvements across all major documentation areas. The multivariable logistic and linear regression models were assessed for fit and assumptions. The Hosmer-Lemeshow goodness-of-fit test for all logistic regression models yielded p-values > 0.05, indicating that the models fit the data well. For linear regression models, residuals were checked for normality and homoscedasticity. Multicollinearity was assessed using Variance Inflation Factors (VIF); all VIF values for included variables were < 3.0, indicating no significant multicollinearity. These diagnostics confirm the robustness of the reported Adjusted Odds Ratios (AORs) and Beta coefficients. 
In multivariate logistic regression analysis, the implementation of electronic medical records (EMRs) was strongly and independently associated with significant improvements in documentation completeness and data accuracy. The probability of completing all required fields was 24.1 times higher in the period following EMR implementation compared to the period before (AOR: 24.1, 95% CI: 16.0–36.4). Similarly, the probability of documenting diagnoses was 40.1 times higher (AOR: 40.1, 95% CI: 24.5–65.7), and complete investigation and treatment entries increased nearly fortyfold (AOR: 39.5, 95% CI: 24.1–64.8). Regarding data accuracy, the percentage of records matching original documents increased 30.5-fold after system implementation (AOR:  30.5, 95% CI: 19.4–48.0), while linear regression analysis showed a decrease in errors of 19.3 errors per 100 records (Beta: -19.3, 95% CI: -19.8, -18.8). Furthermore, the implementation of electronic medical records was strongly associated with improved documentation efficiency and user satisfaction. Linear regression analysis showed that the period after the implementation of electronic medical records (EMRs) was associated with a 22.3-minute reduction in record retrieval time (β: -22.3, 95% CI: -22.8, -21.8) and a 9.0-minute reduction in record update time (β: -9.0, 95% CI: -9.4, -8.6). Furthermore, healthcare providers were 24.7 times more likely to recommend an EMR system to other hospitals (AOR: 24.7, 95% CI: 12.3–49.6) and 22.8 times more likely to agree that it improved record quality (AOR: 22.8, 95% CI: 11.7–44.4) (Table 11). 
Table 11: Multivariable Analysis of Factors Associated with the Impact of EMR Implementation on Documentation Quality, Accuracy, and Efficiency at Deder General Hospital, Oromia Region, Eastern Ethiopia, April 2025
	



Variables
	Healthcare Documentation Quality, Accuracy, and Efficiency
	



COR (95% CI)
	



AOR/Beta (95% CI)
	



p-value

	
	Post EMR vs. Pre EMR (# (%) or Mean))
	
	
	

	Documentation Completeness

	All required fields completed
	276(91.7%) vs. 90(30%)
	25.8 (17.2, 38.7)
	24.1 (16.0, 36.4)
	<0.001

	Diagnosis documented
	294(98%) vs. 126(42%)
	42.5 (26.1, 69.2)
	40.1 (24.5, 65.7)
	<0.001

	Investigation and treatment recorded
	291(97%) vs. 120(40%)
	41.8 (25.7, 68.1)
	39.5 (24.1, 64.8)
	<0.001

	Data Accuracy

	Records matching source documents
	300(100%) vs. 60(20%)
	32.1 (20.5, 50.3)
	30.5 (19.4, 48.0)
	<0.001

	Avg. errors per 100 records
	3.1 vs. 22.4
	
	Beta = -19.3 (-19.8, -18.8)
	<0.001

	Documentation Efficiency

	Time to retrieve record (min)
	2.3 vs. 24.6
	
	Beta = -22.3 (-22.8, -21.8)
	<0.001

	Time to update record (min)
	9.4 vs. 18.4
	
	Beta = -9.0 (-9.4, -8.6)
	<0.001

	User Satisfaction

	Recommend EMR to other hospitals
	4.2 vs. 3.0
	26.3 (13.2, 52.1)
	24.7 (12.3, 49.6)
	<0.001

	EMR improves the quality of records
	4.3 vs. 3.0
	24.1 (12.5, 46.5)
	22.8 (11.7, 44.4)
	<0.001


COR: Crude Odds Ratio; AOR: Adjusted Odds Ratio. For continuous outcomes, Beta coefficients from linear regression are reported.


Discussion
This pre- and post-test provides compelling evidence that the implementation of the electronic medical record (EMR) system at Deder General Hospital has led to dramatic improvements in the quality, accuracy, and efficiency of healthcare documentation. The magnitude of these improvements, validated using rigorous statistical methods, is exceptional, making this study a valuable benchmark for evaluating the success of EMR in a rural, resource-limited setting. 
The most significant finding of the study is the substantial, nearly threefold increase in overall documentation completeness, from 30.0% to 91.7%. This remarkable improvement represents a fundamental shift in clinical practice, from a system where essential patient information was routinely missing to one where comprehensive and standardized documentation is the norm. Multivariate analysis confirmed that the probability of completing all required fields was 24.1 times higher after the implementation of EMR. These results are consistent with, and significantly exceed, those of similar studies conducted in Ethiopian urban hospitals [8]. This success is attributed to the mandatory field requirements and structured templates in the electronic medical record (EMR), which are both influential and closely related factors. The consistency of this improvement across all departments (outpatients, inpatients, and emergency) underscores the system's ability to standardize practices even in a complex, multi-department hospital. Incomplete records are a known contributor to diagnostic errors and adverse events [6]. By almost completely eliminating this gap, the EMR at Deder General Hospital likely prevented countless potential clinical errors, making it a critical intervention for patient safety.
The improvement in data accuracy is equally significant. The average number of errors per 100 records decreased by 86%—from 22.4 to 3.1—a figure measured by a Cohen effect size (d) of 8.7, which is exceptionally large. The near-complete elimination of missing files (from 32.0% to 0.7%) and the significant reduction in duplicate patient records address the most significant weaknesses of the paper-based system. These results are strongly supported by multivariate logistic regression analysis, which showed that the probability of a record matching its original documentation increased 30.5-fold after the implementation of electronic health records. The robustness of this finding was further confirmed by model diagnostics, which ruled out multiple linear correlation. This level of statistical validation is rare in evaluations of electronic health records in low- and middle-income countries, lending exceptional credibility to our conclusions. These results are consistent with global evidence indicating that electronic medical records (EMRs) reduce transcription and data entry errors through automation and validation rules [3]. However, achieving this high level of accuracy in a rural Ethiopian setting, where infrastructure challenges are common, is particularly noteworthy. These results suggest that with appropriate design and implementation, EMRs can overcome context-specific obstacles.
The documented efficiency gains in this study are revolutionary for hospital workflows. The 91% reduction in record retrieval time (from 24.6 to 2.3 minutes) and the halving of record completion time (from 18.4 to 9.4 minutes) represent a significant time saving for clinicians. Linear regression analysis confirmed these findings, showing that the period following the implementation of electronic medical records (EMRs) was associated with a 22.3-minute reduction in retrieval time. These effects far exceed those reported in meta-analyses from high-income countries, which typically show a 7- to 8-minute reduction in retrieval time [6]. The reason for this large effect is clear: prior to implementation, the EMR system at Deder Hospital was exceptionally inefficient. EMRs not only improved an existing process but replaced a flawed one. The immediate realization of these time savings, without an initial adjustment period, is a testament to the effectiveness of the training program and the user-centric design. This finding strongly supports the Unified Theory of Technology Acceptance and Use (UTAUT), where high "expected effort" (ease of use) and strong "facilitating conditions" (training, support) contribute to rapid system adoption and the realization of its benefits [9].
High user satisfaction is often the Achilles' heel of EMR implementations, particularly in resource-limited settings where systems can be perceived as a burden [10]. The fact that Deder General Hospital achieved an overall mean satisfaction score of 4.2 out of 5 is therefore a major success. The finding that providers were 24.7 times more likely to recommend the EMR system is a powerful indicator of system acceptance. The analysis revealed that while most groups reported high satisfaction, Integrated Emergency Surgeons (IESO) had a significantly lower score, indicating a potential need for targeted training and support for this group. This finding aligns with UTAUT, which posits that "effort expectancy" is a key driver of adoption; for IESO, the system may still feel effortful. The areas of lower satisfaction were technical support and system reliability are common pain points in LMIC EMR implementations [5]. These scores serve as an early warning system for hospital leadership. Investing in more robust technical support and infrastructure is essential for sustaining the gains already achieved and preventing user frustration from eroding long-term adoption.
Strengths and limitations of the study 
The strength of the study is its rigorous pre-post design with powered sampling and model diagnostics, which sets a new standard for evidence generation in Ethiopia's digital health sector. However, the study was conducted in a single hospital, which may limit generalizability to other settings with different infrastructure. Further longitudinal studies are advised to assess long-term impacts on patient outcomes.
Conclusion 
The implementation of EMR at Deder General Hospital resulted in significant improvements in documentation quality, accuracy, efficiency, and provider satisfaction. These findings highlight the transformative potential of EMRs in enhancing patient care and health information management in resource-limited settings. Hospital management should sustain the gains by strengthening continuous staff training, ensuring reliable technical support, and integrating EMRs with laboratory and pharmacy systems. At the policy level, scaling up EMR systems to other regional hospitals is recommended, with contextual adaptation to infrastructure and capacity. 
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