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OBJECTIVE: To develop a comprehensive assessment tool to evaluate the Quality of Care (QoC) in managing individuals with
traumatic spinal cord injuries (TSCI).
METHOD: At first, the concepts of QoC for TSCI were identified by conducting a qualitative interview along with re-evaluation of
the results of a published scoping review (conceptualization). After operationalization of indicators, they were valued by using the
expert panel method. Afterward, the content validity index (CVI) and content validity ratio (CVR) were calculated and served as cut-
offs for indicator selection. Then specific questions were developed for each indicator and classified into three categories: pre-
hospital, in-hospital, and post-hospital. Data availability of the National Spinal Cord Injury Registry of Iran (NSCIR-IR) was
subsequently used to design questions that represent indicators in an assessment tool format. The comprehensiveness of the tool
was evaluated using a 4-item Likert scale by the expert panel.
RESULT: Twelve experts participated in conceptualization and 11 experts participated in operationalization phase. Overall, 94
concepts for QoC were identified from published scoping review (87 items) and qualitative interviews (7 items). The process of
operationalization and indicator selection led to the development of 27 indicators with acceptable content validity. Finally, the
assessment tool contained three pre-hospital, twelve in-hospital, nine post-hospital, and three mixed indicators. Ninety-one percent
of experts evaluated the entire tool as comprehensive.
CONCLUSION: Our study presents a health-related QoC tool that contains a comprehensive set of indicators to assess the QoC for
individuals with TSCI. However, this tool should be used in various situations to establish construct validity further.
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INTRODUCTION
Traumatic spinal cord injuries (TSCI) negatively impacts patients’
physical, psychological, and social well-being with a high risk of
developing secondary health conditions [1, 2]. There are many
challenges in the continuum of care of individuals with TSCI.

Proper immobilization and timely access to specialized care are
the main challenges in pre-hospital care of patients especially in
developing countries where there are issues about infrastructure
and trained personnel [3]. The in-hospital care of TSCI is complex
and needs timely, efficient and robust interventions to

Received: 9 December 2021 Revised: 11 March 2023 Accepted: 20 March 2023

1Brain and Spinal Cord Injury Research Center, Neuroscience Institute, Tehran University of Medical Sciences, Tehran, Iran. 2Sina Trauma and Surgery Research Center, Tehran
University of Medical Sciences, Tehran, Iran. 3Department of Neurosurgery, Sina Hospital, Tehran University of Medical Sciences, Tehran, Iran. 4Department of Neurosurgery, Imam
Hossein Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran. 5Health Information Management Department, Tehran University of Medical Sciences, Tehran, Iran.
6Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran. 7Department of Neurosurgery, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran.
8Rehabilitation Office, State Welfare Organization of Iran, Tehran, Iran. 9Private Practice, Mega Health Clinic, Richmond Hill, ON, Canada. 10Metabolic Disorders Research Center,
Endocrinology and Metabolism Molecular-Cellular Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran. 11Trauma Research Center, Kashan University of Medical
Sciences, Kashan, Iran. 12Emergency Medicine, Tehran University of Medical Sciences, Tehran, Iran. 13School of Public Health and Preventive Medicine, Monash University,
Melbourne, VIC, Australia. 14Emergency and Trauma Centre, The Alfred, Melbourne, VIC, Australia. 15National Trauma Research Institute, The Alfred, Melbourne, VIC, Australia.
16Department of Orthopedics and Neurosurgery, Thomas Jefferson University and the Rothman Institute, Philadelphia, PA, USA. 17Department of Neurological and Orthopedic
Surgery, Thomas Jefferson University, Philadelphia, PA 19107, USA. 18Department of Academic Neurosurgery, University of Cambridge, Cambridge, UK. 19Department of
Neurosurgery, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA. 20Universal Scientific Education and Research Network (USERN), Tehran, Iran. 21Institute
of Biochemistry and Biophysics, University of Tehran, Tehran, Iran. 22Visiting Professor, Spine Program, University of Toronto, Toronto, ON, Canada. 23These authors contributed
equally: Zahra Ghodsi, Seyed Behnam Jazayeri. 24These authors jointly supervised this work: Seyed Mohammad Ghodsi, Vafa Rahimi-Movaghar. ✉email: Ghodsim@sina.tums.ac.ir;
v_rahimi@sina.tums.ac.ir

www.nature.com/scsandc

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-023-00569-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-023-00569-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-023-00569-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-023-00569-3&domain=pdf
http://orcid.org/0000-0003-2860-6496
http://orcid.org/0000-0003-2860-6496
http://orcid.org/0000-0003-2860-6496
http://orcid.org/0000-0003-2860-6496
http://orcid.org/0000-0003-2860-6496
http://orcid.org/0000-0002-4544-5527
http://orcid.org/0000-0002-4544-5527
http://orcid.org/0000-0002-4544-5527
http://orcid.org/0000-0002-4544-5527
http://orcid.org/0000-0002-4544-5527
http://orcid.org/0000-0003-1832-9042
http://orcid.org/0000-0003-1832-9042
http://orcid.org/0000-0003-1832-9042
http://orcid.org/0000-0003-1832-9042
http://orcid.org/0000-0003-1832-9042
http://orcid.org/0000-0001-9650-4593
http://orcid.org/0000-0001-9650-4593
http://orcid.org/0000-0001-9650-4593
http://orcid.org/0000-0001-9650-4593
http://orcid.org/0000-0001-9650-4593
http://orcid.org/0000-0002-2132-6734
http://orcid.org/0000-0002-2132-6734
http://orcid.org/0000-0002-2132-6734
http://orcid.org/0000-0002-2132-6734
http://orcid.org/0000-0002-2132-6734
http://orcid.org/0000-0001-5763-917X
http://orcid.org/0000-0001-5763-917X
http://orcid.org/0000-0001-5763-917X
http://orcid.org/0000-0001-5763-917X
http://orcid.org/0000-0001-5763-917X
http://orcid.org/0000-0002-0943-3406
http://orcid.org/0000-0002-0943-3406
http://orcid.org/0000-0002-0943-3406
http://orcid.org/0000-0002-0943-3406
http://orcid.org/0000-0002-0943-3406
http://orcid.org/0000-0003-0591-5069
http://orcid.org/0000-0003-0591-5069
http://orcid.org/0000-0003-0591-5069
http://orcid.org/0000-0003-0591-5069
http://orcid.org/0000-0003-0591-5069
http://orcid.org/0000-0001-7347-8767
http://orcid.org/0000-0001-7347-8767
http://orcid.org/0000-0001-7347-8767
http://orcid.org/0000-0001-7347-8767
http://orcid.org/0000-0001-7347-8767
https://doi.org/10.1038/s41394-023-00569-3
mailto:Ghodsim@sina.tums.ac.ir
mailto:v_rahimi@sina.tums.ac.ir
www.nature.com/scsandc


decompress the spinal cord, support the perfusion to spinal cord,
and help the functional recovery [4]. Lack of healthcare providers
with specialized knowledge and skills and poor accessibility to
diagnostic and therapeutic facilities are challenges of in-hospital
care in many low-resource regions [4, 5]. The post-hospital care
including rehabilitation services is also important for patients’
functional independence, reintegration into society and preven-
tion of secondary health conditions such as pressure ulcers,
genitourinary complications (e.g., urinary tract infection (UTI)), and
chronic pain [6]. These conditions not only limit patients’
functional ability but also increase healthcare utilization after
acute care. Studies show that about 27–57 percent of individuals
with SCI experience re-hospitalization in the first year after
discharge [7–10]. However, most of the common causes of re-
hospitalization after SCI (e.g., UTI, pressure ulcers, and pain) are
potentially preventable with appropriate care. This highlights the
importance of the Quality of Care (QoC) for individuals with TSCI.
Improving the QoC of individuals with TSCI requires a

comprehensive evaluation to identify the vulnerabilities of the
system in delivering high-quality care throughout the continuum
of care, planning and implementing evidence-based interventions
and monitoring the results. Identifying the weak points in
delivering care necessitates an iterative process that measures
the domains of care quality that patients receive in a standard and
comprehensive manner. This can be achieved by developing an
assessment tool that contains evidence-based QoC indicators.
From our team’s recent review we found that TSCI indicators of

QoC had not been summarized in previous literature [11].
Therefore, we conducted a scoping review to summarize these
indicators [11]. There is, however, lack of evidence in the literature
with respect to a tool that compiles a core set of clinically relevant,
feasible, and valid QoC indicators that can be used to evaluate the
domains of care that patients with TSCI receive. Therefore, the
purpose of this study was to develop a list of QoC indicators that
are valid, feasible, and representative of the quality of care that
individuals with TSCI receive throughout the patient-care con-
tinuum (pre-hospital, in-hospital, and post-hospital).

METHODS
This study was composed of the steps described by Giesen et al. in the
“Questionnaire Development” book and by Brancato et al., in their
handbook [12, 13].

Conceptualization and study design
In the present study two approaches were utilized to collect the concepts of
QoC for individuals with TSCI. First, we used the results of our previous scoping
review to retrieve the concepts of QoC from literature. Second, we designed a
qualitative interview using experts’ opinions in order to assure the
completeness of the list of concepts that were collected in the scoping review.
For the qualitative interview, a physician interviewed four TSCI

healthcare professionals who were not informed about the concepts
retrieved in the scoping review. The professionals were identified based on
their expertise in SCI management and included one physiotherapist, one
general surgeon, one emergency department specialist and one intensive
care unit specialist. The interviews were done in two steps, for a total of
eight interviews. In the first step, to avoid any effect on the expert’s
opinions, and without presenting our concept’s list, they were asked: “In
your opinion, which concepts are important to assess the QoC of
individuals with TSCI?” They were asked to define/describe the concepts
they chose as being important indicators in the pre-hospital, in-hospital
and post-hospital setting. In the second step, they were shown the list of
collected concepts from the scoping review and asked to provide
suggestions. The newly suggested concepts were highlighted.
The quality of care concepts included in the scoping review study were

87 items and were classified into three main groups based on the
structure, process and outcome of care (Donabedian framework [14]). In
the current study, the retrieved concepts were re-evaluated and some of
them integrated into a more general concept. Then each concept was
further categorized based on: time-frame (pre-hospital, in-hospital, and

post-hospital) and data source (patient report by questionnaire, available
national registry, request from care centers, other). Next, the relationship of
each concept with six domains of health care quality: safety, effectiveness,
patient-centeredness, timeliness, efficiency, and equity [15] was deter-
mined. Subsequently, the concepts were screened based on priority and
importance. At this phase, we contacted the corresponding authors
(N= 93) of the articles, which were found in our team’s published scoping
review [11]. A Google form was created containing each concept’s
category, as well as its data, and presented to the abovementioned experts
via email. These experts were selected because they had the experience to
publish at least one paper describing a QoC concept for the field of spinal
cord injury and were therefore familiar with the process of care delivery.
They were asked to provide a value for each concept on a 10-point scale,
with 1 as the lowest value and 10 as the highest value for the priority and
importance of each item to serve as a QoC concept for TSCI. The experts’
scores served as inclusion criteria for further evaluation of each concept.
The concepts that had (1); a median score of 7.0 or higher, and (2); a score
of seven or higher by at least 70% of participants, were determined as core
concepts of care.

Operationalization
After determining the core concepts of care we translated each concept
into one or more indicators that represent that concept. For example
timely management of TSCI is a concept that is related to the timeliness
domain of care. This concept was operationalized as an indicator as
proportion of patients who undergo decompression surgery within a
specific time frame (e.g., 24 h from injury). The concepts were operatio-
nalized into indicators by using expert comments. These experts (n= 11)
were all Iranian clinician scientists in the field of SCI care and included six
neurosurgery specialists with a focus on traumatic and non-traumatic
spinal cord injury, one emergency medicine specialist, one professor of
health sciences and medicine with a focus in rehabilitation services
research, one spine surgeon, one trauma care specialist and one
orthopedic surgeon with spinal trauma specialty. The experts then
determined indicators’ face and content validity by completing a Likert
scale on the relevance, simplicity, clarity and essentiality of the developed
indicators. A 4-point Likert scale was used for the relevancy and simplicity
scales, and responses included: 1= not relevant, 2= somewhat relevant,
3= quite relevant, and 4= very relevant for relevancy scale, and: 1-not
simple 2-somewhat simple 3-quite simple 4-very simple for simplicity scale.
In 4-point Likert scales, ratings of 1 and 2 were considered content invalid
while ratings of 3 and 4 were considered content valid. For the clarity end
essentiality scales we used a 3-item likert: 1= not clear, 2 = items need
revision; 3= very clear for clarity, and: 1= not essential; 2= useful, but not
essential; and 3= essential. We then calculated the content validity index
(CVI) [16]. CVI was measured by adding the total points of indicators with
high scores (scores three and four of the Likert scale) and dividing this sum
by the total number of responders. Content validity ratio (CVR) was also
calculated based on the Lawshe table [17] using the following formula:
CVR= (Ne - N/2)/ (N/2), in which “Ne” was the number of experts
indicating “essential,” and “N” was the total number of experts (Table 1).
The minimum value of CVR needed to retain the indicators was
determined based on the number of panelists, as described elsewhere
[17, 18]. Since we had 11 experts in this phase, the value of 0.59 was
considered the cut-off for indicator selection based on CVR. Therefore,
acceptance of the indicator was based on the following criteria: CVI score
higher than 0.79 and CVR higher than 0.59= adequate, CVI score between
0.79 and 0.70= questionable and requires revision, and CVI score less than
0.70 or CVR less than 0.59= unacceptable and eliminated.

Revision, process monitoring, and evaluation
We used the method of expert review to redesign the tool [12]. The experts
involved here were Iranian experts (n= 11) who were also involved in the
operationalization phase of the study. All questions that were misleading or
difficult to answer were removed. The tool was then revised and reset in terms
of content and technical aspects. Finally, the questions were clarified and
simplified in the revision step. The research group met several times to discuss
the content, layout, and response options for indicators. Consensus methods
were used to reach agreement [19]. Finally the accepted indicators formed the
content of the QoC assessment tool for TSCI. At this stage, we designed a
series of questions to represent these indicators and serve as a practical way to
represent them. To address each indicator of the QoC assessment, it was
necessary to ask one or more questions from different response sources. We
used relevant questions from the National Spinal Cord Injury Registry of Iran
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(NSCIR-IR) or related standard questionnaires to design the final assessment
tool (Supplementary Appendix 1). In fact NSCIR-IR is used as the main data
source, to develop, format and design the questions that represent each
quality of care indicator. In the end, the comprehensiveness of the tool was
evaluated by asking 11 experts to fill out a Likert scale with four answer
options; “Not comprehensive”, “To some extent comprehensive”, “Fairly
comprehensive” and “Fully comprehensive”. Figure 1 illustrates the assessment
tool development process.

RESULTS
Indicator selection and development
Scoping review and qualitative interview. Overall, 94 concepts
were identified for QoC from scoping review (87 concepts) and
qualitative interviews with experts (7 concepts).

Conceptualization. The retrieved 94 concepts were shared with
the Iranian experts for summarization and integration purposes.
This process resulted in the combination of 19 concepts into a
more general concept. Therefore, the process of conceptualiza-
tion provided us with 75 total concepts affecting the QoC in TSCI.
As mentioned above, to evaluate these concepts, we contacted
93 experts by email. Twelve of them actively collaborated. Based
on the criteria, 31 concepts were excluded and 44 concepts were
included (Table 1). This process showed that the core concepts of
care for individuals living with TSCI which are clinically relevant
and feasible are related to access to care, timeliness of care,
adherence to standard SCI care guidelines, patient safety
measures, specific outcomes of care, and patient’s satisfaction
with health care as a whole.

OPERATIONALIZATION
Content validity scores
After operationalization of the concepts, all 44 indicators were
presented to 11 Iranian experts, to evaluate the indicators’ CVI and
CVR. CVI scores ranged from 0.72 to 0.96, and CVR scores ranged
from −0.27 to 1. After revision of items with low score in clarity scale
(n= 3), twenty-seven indicators had adequate validity, and 17
indicators had low validity and thus were removed (Table 1). The
mean and standard deviation (SD) CVI for relevance clarity and
simplicity for the entire tool were 0.91 ± 0.07, 0.84 ± 0.07, and
0.85 ± 0.08 respectively. The CVR for the entire tool was 0.79 ± 0.13.
Finally, 91 percent of experts valued the assessment tool as fairly or
fully comprehensive. Table 1 summarizes the CVI and CVR scores for
each indicator.

Characteristics of the final indicators
Table 2 summarizes the characteristics of the final core set of
quality indicators based on Six Aims of the Institute of Medicine
for the 21st Century Health Care System [15] along with the
phases of care. The quality indicators developed included pre-
hospital (n= 3; eg, proper immobilization), in-hospital (n= 12; eg,
in-hospital mortality rate), post-hospital (n= 9; eg, employment
rate of patients within one year after injury) and mixed between
in and post hospital (n= 3; eg, satisfaction with pain control).
Measures designed to assess the effectiveness (n= 5; eg, read-
mission rate), timeliness (n= 3; e.g., early decompression),
patient-centeredness (n= 3; e.g., Satisfaction with care), equity
(n= 3; eg, Patients’ employment rate), efficiency (n= 2; e.g.,
length of hospital stay), and safety (n= 1; eg, proper immobiliza-
tion). Some indicators were related to both domains of safety and
effectiveness of care (n= 7; eg, rate of secondary complications)
and some were related to equity and timeliness (n= 3; eg,
proportion of SCI-equipped centers in a specific area have 24 h
availability of Magnetic resonance Imaging). Supplementary
Appendix 1 contains the information that is needed to address
these indicators in an assessment tool format.Ta
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DISCUSSION
This study represents the development and design of a
healthcare-related assessment tool through extensive discussion
among experts over an extended period of time. To the best of
our knowledge, this is the first study that introduces a
comprehensive assessment tool to evaluate the QoC in the care
continuum of patients with TSCI.
We developed an assessment tool containing information that

makes the health-related QoC assessment feasible in patients with
TSCI. To achieve a unique assessment tool, we asked international
experts to appraise each concept of care quality and then used the
Iranian experts to design the assessment tool. We used only Iranian
experts for the latter stage because we had to design a Farsi version
of the assessment tool with meaningful, clear and feasible questions
(practical to measure) for our outcome assessors (nurses, patients,
data providers, etc). In fact we evaluated the face validity of our
assessment tool with Iranian experts.
Although Khosravi et al. [11] initially identified 87 concepts for

TSCI patient care quality; our final count was limited to 27 after
expert panel appraisal and content validity analysis. For instance,
the cost of care could be an indicator influencing patient
outcomes, but because its evaluation was not feasible, the experts
decided to exclude it. Ultimately, 27 indicators with high clinical
relevance, clarity, and simplicity were included in the assessment
tool. This collection of indicators is believed to be essential and
sufficient to measure QoC for individuals with TSCI and reflects a
need for integrated reporting of QoC information in the pre-
hospital, in-hospital, and post-hospital phases. This tool provides a
path to evaluate QoC in these patients, and can be used as a guide
for decision-making and creating health policies [20, 21].
Developing QoC indicators has been the subject of recent on-

going studies. The SCI-High project is among these studies. The

project has prioritized 11 domains for rehabilitation care of SCI
patients and aims to develop at least one indicator for structure,
process and outcome of each prioritized domain [22, 23]. To date
the SCI-high project has established 32 indicators for 7 domains of
cardiometabolic health; emotional well-being; sexual health; tissue
integrity; urinary tract infection; walking, and wheeled mobility for
SCI patients [24–30]. Although these indicators can be used to
evaluate rehabilitation care, ensure continuous quality improve-
ment, and ultimately ensure evidence-based advancement of
rehabilitation care for patients with spinal cord injuries, there has
been no focus on other stages of care such as pre-hospital and
inpatient care in the SCI-high project.
The strength of our assessment tool is that it contains core set

of evidence-based, clinical relevant indicators regarding all
phases of care of TSCI. In addition we designed our tool based
on available information from NSCIR-IR in order to ensure the
feasibility of data collection. We believe that the items of our tool
are measurable in low-income, middle-income and high-income
countries with a reasonable time and cost efficiency. This study
has several limitations that need to be highlighted. First, only 12
from 93 experts (13%) who were invited to participate in
indicator selection actively collaborated. However, we believe
this low response rate has not caused a bias because these 12
experts were representative of the diversity of specialties, from
different health settings in low-income, middle-income and high-
income countries and all had expertise and experience in the
care of individuals with TSCI. Second, although our Iranian
experts were from diverse disciplines involved in specialized
trauma services (neurosurgery, trauma rehabilitation, orthopedic
trauma surgery and emergency medicine), surgical experts
predominated, and we did not involve nurses, and patients.
Third, there are limitations with respect to data availability,
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accuracy and completeness across different care facilities [31].
Although we have suggested a core set of indicators that are
designed based on the availability of NSCIR-IR data, feasibility
studies in diverse health settings are necessary to determine
whether this assessment tool is applicable or not. An ongoing
project is being carried out in Iran to check the feasibility of this
assessment tool [32]. Fourth, we were not able to benchmark our
QoC indicators against a “gold standard” partly due to a lack of
information regarding our indicators. Future studies should
measure and report these indicators to provide evidence in
order to formulate a quantitative measure for evaluating and
benchmarking the quality of care.
In conclusion, our study presents a QoC assessment tool with

clinical utility for patients with TSCI. This tool, however, should be
further validated in future studies.
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