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Η επιστημονική έρευνα είναι μια εξελικτική διαδικασία η οποία χτίζει πάνω στις βάσεις που έχουν θέσει 
προηγούμενες προσπάθειες και έχουν καταγραφεί στη βιβλιογραφία. Υπάρχουν πολλοί λόγοι για τους οποίους 
μπορεί κανείς να χρειαστεί να αναζητήσει, αξιολογήσει και χρησιμοποιήσει αυτή την επιστημονική 
βιβλιογραφία: για να ενημερωθεί για τις τελευταίες εξελίξεις σε μια περιοχή ενδιαφέροντος, για να βρει 
συγκεκριμένες πληροφορίες που απαιτούνται είτε για πειραματική εργασία είτε για την κατανόηση ενός 
επιστημονικού αντικειμένου, ή ακόμα γιατί υπάρχει ανάγκη εντοπισμού και ανασκόπησης “όλων” των σχετικών 
πληροφοριών για ένα συγκεκριμένο θέμα. Αυτό το σύντομο μάθημα αποτελεί μια εισαγωγή στις δεξιότητες και 
στρατηγικές που απατούνται για μια αποτελεσματική αναζήτηση και ανασκόπηση επιστημονικής 
βιβλιογραφίας. Μην αφήσετε την πρόκληση της διερεύνησης επιστημονικών θεμάτων να σας καταβάλει, 
χρειάζονται μόνο λίγες βασικές δεξιότητες και εμπειρία! 
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Abstract 
 
Finding some information on most topics is easy. There are abundant sources of information readily available. 
However, completing a comprehensive literature review on a particular topic is often difficult, laborious, and 
time intensive; the project requires organization, persistence, and an understanding of the scholarly 
communication and publishing process. This paper briefly outlines methods of conducting a comprehensive 
literature review for science topics. 
Define and Refine Your Topic 
 
Identifying potential topics of interest is typically the beginning of a literature review. A topic may be selected 
for you or you may need to choose one. Browsing textbooks, encyclopedias, review journals (e.g., the Annual 
Reviews series) or web sites that best fit the general category of your topic may help initially with selecting a 
topic and further refining it. You will want to begin by discovering general information about your topic and 
where the information fits within broader and narrower subject categories. You will want to identify major ideas, 
issues, controversies, and prominent researchers. The process of identifying a topic and outlining aspects of it 
moves ideally back and forth between finding and analyzing information and thinking critically about the topic 
(see Outline for Comprehensive Science Literature Reviews handout). Formulating a draft working title is a 
good first step for framing the topic for a particular publication or presentation with a specific audience in mind. 
 
Before beginning to search for information resources, it is useful to write out concepts or facets of a topic on a 
search planner worksheet (see Search Planner -- Science Literature Databases handout). Each concept can serve 
as initial keywords and lead to additional related or synonymous keywords. A decision concerning the time 
period to cover for your topic should be made based on the importance of older research to the discipline and 
sometimes on the amount or type of literature found. In some disciplines, and at some institutions, this time 
frame will require going beyond electronic indexes into paper indexes. The interface and features of each 
electronic resource or database searched will structure the way search statements are entered and the ability to 
utilize Boolean search operators, truncation symbols, proximity operators, phrase searching, and limiters. 
Successful search strategies must be adapted for use in each new database. Recording precise methods of 
searching particular resources is as important as keeping accurate laboratory or field notes so that a particular 
search can later be replicated or revised. 
 
The first results of searching an information resource are rarely the best results. It is worth reviewing the first 
page or two of results and examining how many of them are relevant or of interest to your topic. This assessment 
can be accomplished by title, by abstract, by other information in the full record display, and by obtaining the 
full article or source. Focusing on the full record display of one or two results that initially appear to be of most 
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interest and closely analyzing all the words in the full records will often lead to a better reformulation of a search 
statement with keywords or subject headings scavenged from those records. Some databases have thesauri, 
which can also help with this process. Modifying and revising search statement words and operators should be 
an iterative process and may require several attempts in each new information resource. 
 
When beginning a search, it is often helpful to try broadening and narrowing search statements. Use the Boolean 
operators to retrieve between 10 and 100 results with over half the records displayed on each page relevant to the 
topic. There are various suggestions for improving bibliographic database search results depending on whether 
you are finding no citations (i.e., are you in the right database; do you have misspelled terms; are your terms too 
specific?). Perhaps you have found too few citations (i.e., don't use multi-word phrases; decrease the number of 
concepts combined with "and"), or too many citations (i.e., decrease the number of related terms combined with 
"or"; increase the number of concepts combined with "and"; add some limits to your search). See Improving 
Bibliographic Database Search Results handout. This search challenge can help with thinking through the 
narrowing and broadening of the topic itself. 
 

Search All Relevant Sources Comprehensively and Efficiently 
 
Journal articles are the primary vehicle of communication in most science disciplines and, therefore, journal 
indexes and e-journal packages are critical information resources. To identify and remain knowledgeable about 
the main indexes to the science literature and many other specific resources for each science discipline, there are 
science librarians, library database lists and guides arranged by subject, and specific literature guide books to 
assist you. Journal and bibliographic indexes typically allow keyword searching of article titles, abstracts, and 
subject headings or descriptors. E-journal packages (e.g., JSTOR; ScienceDirect; SpringerLink; Wiley 
Interscience) often allow keyword searching of the full text of articles as well. The ability to keyword search full 
text enables a new level of searching. While producing many irrelevant results, full-text searches can also find 
information not previously discoverable by searching indexes. Multidisciplinary indexes, such as Google 
Scholar, Scopus, and Web of Science, which analyze article bibliographies and track citations (i.e., who is citing 
who) are valuable tools for identifying the most cited and presumably important papers on particular topics. 
Once a relevant article is found, by examining its bibliography additional older results can often be identified for 
your topic. Conversely, once a relevant article is found, by examining who has cited it additional newer results 
can often be identified for your topic. A caveat is that more recent articles will not have had the time to build up 
the numbers of citing articles that older articles have. 
 
After searching several indexes or e-journal packages and identifying the best articles for your topic, it may 
become apparent that the best articles are consistently found in a handful of journals. Once you have identified 
the best journals for your topic, then you should directly browse the table of contents of those journals for the 
last few years, or longer depending on the scope of your topic. No search strategy is perfect and many indexes 
have selective indexing of journal contents or have lag times before recent citations appear. Only by directly 
browsing the most important journals can you be assured of finding all the current, relevant articles on your topic 
from them. Many journals allow setting up e-mail alerts or RSS feeds with automatic notification of table of 
contents information from new issues. Similarly, many databases allow setting up automatic searches on a 
weekly or monthly basis. And many web sites have RSS feeds for notification of new content added. 
 
Before a research project leads to a published or discoverable presentation or publication, you may find out 
about it by searching grant databases. Major research granting agencies for the United States, such as the 
National Science Foundation, and the National Institutes of Health have searchable grants databases that can 
identify ongoing research projects. These records often have abstracts and describe the project and identify the 
individuals and institutions involved. Other current awareness resources are newspaper indexes, blogs, and 
internet discussion groups. Identifying a leading researcher or expert on a topic and then contacting them for a 
brief discussion or to answer a focused question can be another excellent way to find out about new 
developments. And web search engines can also uncover all sorts of current, miscellaneous information. To find 
information on web sites there are a variety of general web search engines, meta-search engines, and specialized 
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search engines. Some specialized search engines for science topics currently include: Science.gov, Scirus, 
Scitopia.org, and WorldWideScience.org. 
 
Many bibliographic indexes include records for books, government documents, theses and dissertations, media 
materials, and other gray literature. However, some indexes only include journal articles and even those which 
do include other types of information sources usually are very selective about what they include. The most 
comprehensive information resource for books, government documents, theses and dissertations, media 
materials, and gray literature is WorldCat, the global union catalog of over 70,000 libraries. Additionally, most 
individual libraries have their catalogs publicly available for searching online. The key to a comprehensive 
search of library catalogs is utilizing subject headings as part of a search strategy. A new level of searching for 
books beyond catalog records is now available from Google Books, which allows keyword searching of the full 
text of an unknown number (but currently believed to be over 7 million) of books. 
 
There is no single, all encompassing, comprehensive database for the sciences or for most individual science 
disciplines. There is overlap between many bibliographic indexes, but to search the literature comprehensively 
for a specific topic typically requires the use of multiple information resources (see Main Indexes to the Science 
Literature handout). A good strategy for many science topics is to search the following: Scopus or Web of 
Science; Google Scholar; one or two specialized databases for a particular science discipline; Google Books; and 
WorldCat. That combination plus scouring bibliographies, browsing the table of contents of the most relevant 
journals, searching web sites using general and science web search engines, and talking to experts is likely to 
comprehensively uncover all types of relevant information sources. Note that many libraries offer federated, 
simultaneous searching of many databases at once. Those searches can be efficient ways to initially test the 
relevance of particular databases for specific topics; however, once the best databases are identified, it is optimal 
to individually search them, using the advanced search option, to take advantage of their unique, powerful search 
features. 
 

Find and Evaluate and Manage the Information 
 
As you search databases and analyze search results, you should continually review your search statement and 
modify it to provide better results. There is a trade off between comprehensiveness (retrieving all the relevant 
results mixed with lots of other irrelevant results) and precision (retrieving only relevant results, but missing lots 
of other relevant results). You will want to craft a search statement for each database that strikes a balance 
between comprehensiveness and precision. This strategy is often accomplished by utilizing various limiters and 
subject headings. Depending on your topic, you may wish to limit your results to scholarly sources and peer-
reviewed or refereed articles. Scholarly sources are not necessarily better than popular sources; the 
appropriateness of the source depends on the topic and the audience. 
 
Evaluating the results of your searches can be done based on many different criteria including these important 
concepts: relevance to your topic, objectivity, accuracy and credibility of the information source, significance of 
the research, authority of the author, date published, the type of information source, etc. A skeptical researcher is 
a better researcher. On the other hand, there is some evidence that individuals performing literature searches 
often only see those studies confirming their pre-existing beliefs or biases. So the ability to really look 
objectively at all results and weigh the evidence on a topic is important. There are specific methods, typically 
from medical disciplines, for overcoming researcher bias and performing systematic literature reviews. 
 
Retrieving the information source from the citation via the open web or through a library site or requesting 
document delivery can be challenging some times. Librarians are always eager to assist with that process. There 
are books and courses devoted to techniques for critically reading and reviewing research articles and then 
organizing and synthesizing many information sources into a new review. 
Nevertheless, understanding technical, research articles can prove quite challenging for those lacking a PhD in 
the discipline.  There may only be parts of some primary articles and sources that are useful.  Secondary and 
tertiary information sources may have to be relied on sometimes. 
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It is critical to carefully store citations and papers and annotations of them. With a large literature review, it is 
easy to lose the connection between notes and sources. There are a number of commercial and open source 
bibliographic management tools and social bookmarking sites available to assist with this process including: 
2collab, CiteULike, Connotea, EndNote, EndNote Web, Mendeley, Refworks, and Zotero. Keeping track of 
irrelevant citations that initially look relevant but aren't, in addition to relevant citations, can avoid wasted time 
spent repeatedly evaluating some of the same results from multiple database searches. 
 

Synthesize the Literature and Integrate it Into Your Writing or Presenting 
 
Ideally, there is continual movement back and forth between searching for information on a topic, evaluating 
results, adapting search strategies, narrowing and broadening topics, reviewing and synthesizing the literature 
and integrating it into a publication or presentation which then triggers new questions leading to further searches 
for additional information.  Knowing when to stop searching is sometimes as hard or harder than knowing where 
to begin searching, particularly when information is not found on a specific question or subtopic. Finding the 
best sources repeatedly in different databases, with a variety of search strategies, often leads to confidence that 
the topic has been well searched. 
 
Choosing the appropriate type and venue of publication or presentation is important for the impact of a literature 
review and typically dictates the bibliographic style required. The Council of Science Editors (CSE) style is a 
good choice if there is no discipline or publication specific requirement.  There are many books and guides to 
assist with style questions. Having a good model to emulate and tailoring your writing or presentation to your 
audience is one of the keys to its effectiveness. 
 



Outline for Comprehensive Science Literature Reviews 

• Journal Indexes/ Databases & Ejournal Packages ‐  find citations of articles and full articles 
•  Bibliographies ‐ from relevant journal articles, books, etc. (cycle backwards in time) 
•  Citation Indexes – e.g. Web of Science/ Scopus; Google Scholar (cycle forwards in time by identifying 

citing articles; find the most cited articles on your topic) 
•  Specialized Data (e.g. chemical/ molecular name & structure; genetic sequence; etc.) 
•  Current Awareness Sources   

Identify & Browse Current Issues of the Most Relevant Journals for your topic 
Setup Alerts (Email; RSS) ‐ Journal Table of Contents; Indexes; Web Pages 

   Grant Databases (e.g. NSF; NIH; CRIS) 
Newspaper Indexes (e.g. Lexis Nexis Academic; Newsbank; individual newspapers) 
Internet Discussion Groups, Listservs, Blogs, etc. 

•  Book Catalogs (find books, government docs, media materials, theses/dissertations, etc.) 
Your Local Library Catalog;  Other Libraries – i.e. WorldCat; Google Books 
Individual Specialized Library Catalogs via the Internet 

•  Web Search Engines (e.g. Google, Yahoo, Dogpile, FirstGov, Scirus, etc.) 
Directories (e.g. BUBL, Intute, Librarians Index to the Internet)  

•  Experts (Scientists; Scholars; Librarians, etc.)  @ Institutions/ Organizations/ Agencies/  
•  Literature Guides (Books; Online Library Database Lists/ Guides/ Pathfinders) 

 



SEARCH PLANNER – SCIENCE LITERATURE DATABASES 

This worksheet is designed to help you develop a search strategy for a bibliographic database. 

State your topic as completely as you can (in the form of a sentence or title):  

____________________________________________________________________________ 

 
1) Think about your topic. 
2) Circle the two or three most important concepts in the topic statement above. 
3) Write each concept you circled in the first space of each line below.  
4) List synonymous or related terms next to it on the same line, if applicable.  

To find related terms use: your knowledge of the subject, and/or a thesaurus  
(e.g. Biosis Previews Search Guide, Medical Subject Headings, CAB Thesaurus,  
Thesaurus of Psychological Terms, etc.), and/ or scavenge terms from relevant  
citations that you have already found. Use truncation whenever appropriate  
and allowed, e.g. “ecolog*” retrieves ecology or ecological. Select the  
appropriate field if the default is not the best choice. 
 

5) Insert an operator (AND/OR/NOT) between the concepts to combine them into a 
search statement 

 
 

 
 
 
 
 
 
 
 
 

6) Indicate which limits are helpful with your search and list them here: 

 Limit by date: 

 Limit by field (e.g. title; subject headings; etc.): 

 Other limits: 

7) List the best indexes/databases for your topic:  

AND/OR/NOT AND/OR/NOT 

AND/OR/NOT 

AND/OR/NOT 



Improving Bibliographic Database Search Results 
Note: reading the help screens within a database can be very instructive and can provide  

specific details for search options that may improve your search results. There are many  

advanced and/ or specialized ways of searching each particular database. 

 
If your database search produces: 
 

 



 
 

Main Indexes to the Science Literature 
All Topics 

 Web of Science and/or Scopus   WorldCat (OCLC) 

 Google Scholar   Google Books 

    

Agriculture & Forestry 

Agricola 

CAB Abstracts 

 

Astronomy 

arXiv 

Astrophysics Data System 

 

Biosciences 

Biological Sciences (CSA) 

Biosis Previews or Biological Abstracts 

PubMed 

 

Chemistry 

PubMed 

SciFinder 

 

Computer Science 

ACM Digital Library 

IEEE Xplore or IEEE CS Digital Library 

 

Environmental Sciences 

Environment Complete (Ebsco) 

Environmental Sciences and Pollution 

Management (CSA) 

 

Geosciences 

GeoRef 

SciFinder 

 

Health Sciences and Medicine 

Embase 

PubMed 

 

Mathematical Sciences 

AMS Directory of Mathematics Preprint and 

ePrint Servers 

MathSciNet 

Zentralblatt MATH 

 

Physics 

arXiv 

Inspec 

Scitation and SPIN 

 

Wildlife & Fisheries 

Biological Sciences (CSA) 

Biosis Previews or Biological Abstracts 

Wildlife and Ecology Studies Worldwide 

Zoological Record 
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Backward/Forward Search Scheme  
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SEARCH OPERATORS 
Search using AND, OR, NOT, and
SAME (same sentence) to create
logical search statements. Nest
search operators inside parenthe-
ses. Search exact or truncated
phrases inside quotations marks.

TRUNCATION SYMBOLS
Use truncation to retrieve 
plurals and variant spellings. 

* = zero to many characters
? = one character
$ = zero or one character

ISI WEB OF KNOWLEDGESM

WEB OF SCIENCE®    
Quick Reference Card

Search over 9,200 journals from over 45 different languages across the sciences, social sciences, and arts and humanities to find the high quality
research most relevant to your area of interest. Link between relevant records using the cited references and exploit the subject connections between
articles that are established by the expert researchers working in your field.

Search
Search by Topic, Author, Group Author, Source Title, Publication
Year, and Address. Use the drop down menu for each search box to
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Literature Review

Performing Subcutaneous Injections:
A Literature Review

Magdalena Annersten, RN, MNs, Ania Willman, RN, BEd, PhD

ABSTRACT
Background: Persons using daily subcutaneous injections to administer medicine perform them in

different ways and thereby increase the risk of skin complications related to the injection. It is often part
of nurses’ role to administer medicine and educate the patient in injection technique. Course literature
in nursing education, commercial patient education pamphlets, and instructional leaflets do not give
consistent advice regarding subcutaneous injection technique.

Aim: The aim of this review was to identify the scientific foundation for the technical performance
of subcutaneous injections. The question to be answered was: How should a subcutaneous injection be
administered to achieve the right dose in the right place with minimum complications?

Method: The review included a search in three databases, a screening process at abstract level, followed
by a quality assessment of included articles. The quality assessment was done independently by two people
and followed specific protocols.

Result: A total of 38 articles were assessed for quality and covered information on dose, location, and
complications of subcutaneous injection. The assessed studies are heterogeneous in design and describe
different aspects of the subcutaneous injection technique. Therefore, the scientific foundation for tech-
nical performance is weak. However, several studies indicate that the amount of subcutaneous fat and
appropriate needle length are of high importance for the drug to reach the target tissue.

Conclusion: More research regarding effective subcutaneous injection technique needs to be done.

Worldviews on Evidence-Based Nursing 2005; 2(3):122–130. Copyright ©2005 Sigma Theta Tau International

KEYWORDS administration of medication, diabetes, heparin, injection technique, insulin, insulin pen, lipo-
hypertrophy, needles, subcutaneous injection, literature review, syringe

INTRODUCTION

In Sweden, approximately 200,000 injections are ad-
ministered subcutaneously every day (Apoteket 2001).

In Sweden, as in other countries, it is part of the nurse’s
role to administer medication and teach patients how to in-
ject correctly. Nurses, as well as patients, perform subcuta-
neous injections in different ways. This increases the risk of
skin lesion and complications related to the injections. Epi-
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demiological studies have shown 30% prevalence of lipo-
hypertrophy in insulin-treated patients (Becton Dickinson
2000). It is therefore important that injection administra-
tion is based on scientific evidence of how best to perform
this role. However, at present, it is difficult for nurses to in-
corporate best available evidence because literature used in
nursing education, commercial patient information pam-
phlets, and instructional leaflets gives inconsistent advice
regarding subcutaneous injection technique. These diffi-
culties are not mitigated by compiled literature reviews,
since the assessment process is not explicitly presented
(e.g., Thow & Home 1990; Beyea & Nicoll 1996; Nicoll &
Beyea 1996; Strauss et al. 1999). Therefore, the aim of this
study was to review, with a systematic approach, the scien-
tific literature regarding the practical and technical perfor-
mance of a subcutaneous injection. The specific question
to be answered by the review was: How should a subcuta-
neous injection be administered to achieve the right dose
in the right place with minimum complications?
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METHOD

Using a traditional evidence-based practice approach, the
following steps were taken: asking answerable questions,
accessing best information, appraising information for va-
lidity and relevance, and applying information in pa-
tient care (Swedish Council on Technology Assessment in
Health Care [SBU] 1993). A subcutaneous injection in-
cludes several components. To identify these and to spec-
ify the search terms, Flemming’s work (Flemming 1998)
was used as a guide. By defining the situation, interven-
tion, counter intervention, and outcome of the interven-
tion, three outcomes emerged: dose, location, and compli-
cation.

Inclusion criteria for studies to be examined were

� published between the years 1966 and 2003 and writ-
ten in English, German, Spanish, Swedish, or Danish;

� the population investigated needed to be human—
adults or children;

� the equipment (i.e., syringes, needles, injection pens,
etc.) used in the studies had to be in clinical use in
Sweden from the 1980s and later; and

� the intervention should be an injection into the sub-
cutaneous fat layer, or the activities around it such as
preparation of the dose, cleaning of the skin, etc.

Studies on intramuscular or intravenous injections were
excluded. The preferred outcome was either right dose,
right location, or report on any complications (see Table 1).
To build a foundation for practice recommendations, the
assumption was that included studies should have used
descriptive or controlled methods.

The literature search was performed using the databases
Medline and CINAHL. It was assumed that both these
databases would include studies reporting on the admin-
istration of medication. The pedagogy-focused database
ERIC was also searched, as teaching the patients the self-
injection technique is an important role of nurses. To iden-
tify other potential sources of evidence, written documen-

TABLE 1
Inclusion criteria

YEAR 1966–2003

Languages English, German, Spanish, Swedish,
Danish

Population Adults and children
Injection equipment Used in Sweden from 1980 and later
Intervention Injection in the subcutaneous fat layer, or

dosage
Outcome Right dose, right location, report on

complications
Design Controlled trials or descriptive studies

tation from two conferences held in Strasbourg in 1997
(Strauss 1998) and in Barcelona in 2000 (Becton Dick-
inson 2000) for researchers with a special interest in in-
jection technique was read, and some of the participants
were contacted via e-mail for further information and
documentation.

Literature Search
The literature search in Medline (via PubMed) was con-
ducted in December 2003, using the MeSH (medical sub-
ject headings) terms:

� “Injection, Subcutaneous”
� “Needles”
� “Insulin”
� “Heparin Low-Molecular Weight”
� “Nursing Evaluation Research”
� “Lipodystrophy”
� and the free text words “Injection Site” and “Subcuta-

neous Injection Complication”

The terms were used independently or in various com-
binations, using “AND.” In the German search, the free text
terms “Injektzion technik” AND “Diabetes” were used; in
Spanish, the free text terms “Jeringa,” “Inyeccion,” “Di-
abetes Mellitus,” “Enfermeria” were used. In the Danish
search, the free text term used was “injektionsteknik,” and
the same term was used in the Swedish search.

The search in CINAHL was also conducted during
December 2003, using subheadings:

� “Injection-Subcutaneous-Methods”
� “Heparin-Administration-and-Dosage”
� “Insulin-Administration-and-Dosage”
� “Injections”
� “Injection-Sites”
� “Injection-Subcutaneous-Adverse-Effects”
� “Syringes”
� “Lipodystrophy”

The search in the database ERIC, using the search term
Subcutaneous injection, did not identify any abstracts that
could address the research question.

The references from previous literature reviews on this
subject were manually searched (Thow & Home 1990;
Beyea & Nicoll 1996; Nicoll & Beyea 1996; Strauss et al.
1999), and it was found that this search covered their in-
cluded references.

A total of 102 abstracts were screened, using the inclu-
sion criteria to select articles for further appraisal. From the
102 abstracts, 87 full-text articles were retrieved for closer
screening; another 15 articles were received from European
researchers. Criteria for this later screening included the
following: whether the study had investigated right dose,
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right place, or complications; whether the injection stud-
ied had actually been subcutaneously placed and verified
by CT scanning, ultrasound, or by lifting up a skin fold;
and finally whether the problem studied was measurable
with the method used. If there was no description of how
the injection studied had been placed, and how this was
controlled for in the study, the article was excluded. After
excluding articles that did not meet this later criterion, 36
articles from Medline and CINAHL were included together
with two from other researchers. Therefore, a total of 38
articles were critically appraised.

Assessment
The 38 full-text documents were assessed by two inde-
pendent reviewers, using assessment sheets modified from
available literature about critical appraisal (Greenhalgh
1997; Polit & Hungler 1999; Willman & Stoltz 2002). The
assessment sheet included data on the inclusion and exclu-
sion criteria, the number of study subjects, what outcome
was investigated, how this was measured, and whether
the method chosen was appropriate. Data on the proce-
dure for randomization, group comparability, blinding pro-
cess, duration, and follow-up was also assessed, together
with the statistical analysis. The reviewers met to com-
pare and discuss their responses to the assessments. The
quality for each article was graded on a three-point scale
where one point refers to high scientific quality, three points
refers to low scientific quality, and two points to moderate.
This is the grading system used by the SBU for system-
atic reviews (SBU 1993, 1997, 2000). The studies were di-
vided into two groups: descriptive studies and controlled
studies. No studies using a qualitative approach were
identified.

The results of the assessment were integrated in evi-
dence tables including the following information: name
of the author, publishing year, country, method design,

TABLE 2
How to achieve the right dose

NEEDLE PLACEMENT DESIGN/
AUTHOR/YEAR CONTENT SUBJECTS (n) PROVED BY QUALITY

Bell et al. Dose accuracy 118 subjects No injection performed Descriptive
(1991) (1,080 doses) PGC 1

Silva et al. Dose accuracy 15 caretakers of children No injection performed Descriptive
(1996) (540 doses) 2

Ltief & Schwenk (1999) Dose accuracy 32 children and 16 parents No injection performed Descriptive 2
(144 doses)

Jehle et al. (1999) Dose accuracy 109 vials from 109 diabetes patients No injection performed Descriptive CT 1
Annersten & Frid (2000) Drip after injection with 20 healthy volunteers (480 injections) Lifted skin fold Descriptive 2

injection pen

PGC = parallel group comparison; CT = controlled trial.

investigated population, intervention, outcome and qual-
ity level, a short summary of the author’s own result,
the length of the needle used, and proven subcutaneous
position.

FINDINGS

The 38 articles assessed for quality reported on many dif-
ferent aspects of the subcutaneous injections. In the qual-
ity assessment, 8 studies scored one point, 23 scored two
points, and 7 scored three points. The eight one-point scor-
ing studies are briefly presented below alongside the 23
two-point scoring studies in Tables 2, 3, and 4. The studies
are presented in three tables according to three different
aspects of the research question: dose, location, or compli-
cations.

How to Achieve the Right Dose
Bell et al. (1991) investigated, in a descriptive study of
90 patients and 28 health care professionals, the accuracy
of dosage, using industrial pre-mixed insulin compared to
self-mixed insulin. At low doses, both patients and profes-
sionals showed greater accuracy with achieving the right
dose with pre-mixed insulin than with self-mixed insulin.
Jehle et al. (1999) assessed whether Neutral Protamine
Hagedorn (NPH) and insulin were accurately re-suspended
by 109 patients measuring the content of their own vials
and cartridges. Mixing of insulin by a mechanical device
showed that at least 20 cycles of tipping the vial are nec-
essary before complete re-suspension is achieved. Insulin
content in patients’ own cartridges or vials ranged from
5 to 214% of 100 IU/ml. The cartridge or vial was tipped
and rolled more than 10 times by 9% of the patients. For
all patients, there was a correlation between the absolute
error of NPH insulin suspension and cycles of rolling and
tipping the insulin (r = 0.23, p =< 0.05).
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Performing Subcutaneous Injections

How to Achieve the Right Place
Birkebæk et al. (1998) in a descriptive study evaluated
cutis/subcutis thickness on 47 children, at 11 measuring
points at injection sites. Location of an air bolus injection
with 8-mm and 12-mm needles was assessed by using ul-
trasound. The result showed that girls generally had more
subcutaneous fat than boys and that compression of the
skin reduced the distance from the surface to muscle fascia
by 33%. The air bolus injection was inappropriately placed
by 19% of the children using an 8-mm needle. Tubiana-Rufi
et al. (1999) in a prospective crossover study of 50 chil-
dren explored whether 8-mm needles could reduce the fre-
quency of intra-muscular injections when compared with
12.7-mm needles. Using ultrasound, researchers assessed
the localization of the needle tip on injection of insulin. The
result showed that 88% of the children had < 12.7 mm and
40% had < 8-mm subcutaneous fat at the injection sites.
At the time of the study, the needles most commonly used
were 8 mm or 12.7 mm in length. Of the 50 injections per-
formed with a 12.7-mm needle in a two-finger-pinch lifted
skin fold, 86% were placed in the muscle instead of the fat
layer. With an 8-mm needle, 38% of the 50 injections were
placed in the muscle instead of the subcutaneous fat layer.

How to Achieve Minimum Complications
McGowan and Wood (1990) in an experimental study
compared the relationship between four different injection
techniques and bruising after an injection with heparin.
The injections were given to 96 patients, using a 16-mm
needle. There was no statistical difference between the four
injection techniques used and the existence of bruises. Ross
and Soltes (1995) in a quasi-experimental study compared
whether ice applied on the skin pre- and post-injection
with heparin on 70 healthy volunteers had any impact on
the existence of, and size of, haematoma. The result of
141 injections with a 16-mm needle in a lifted skin fold
showed no significant difference in the incidence or size of
hematoma. Hadley et al. (1996) assessed incidence and size
of haematoma after heparin injection with a 1-ml syringe
and a 3-ml syringe in a lifted skin fold in 29 patients (n =
58 injections). The incidence of bruising did not differ sig-
nificantly between 1-ml and 3-ml syringes, but the use of
a 3-ml syringe resulted in significantly smaller bruises.

Le Floch et al. (1998) conducted a prospective study
with 120 patients. A nurse injected insulin with the pa-
tient’s own insulin pen and an 8-mm or a 12.7-mm needle.
A cytopathological examination was performed on the ma-
terial obtained from the needles and found in the cartridge
after the injection. Air bubbles were found in 45% of the
cartridges. Biologic material was found in 30% of the nee-
dles and in 58% of the cartridges, and in 25% of both needle
and cartridge.

These 38 studies included here do investigate different
aspects of the subcutaneous injection technique, but they
differ in study design, subjects included, and outcomes
measured. Therefore, it is difficult to formulate clear rec-
ommendations. From the literature reviewed here, there is
no evidence to support general recommendations for the
technical performance of the subcutaneous injection. Con-
clusions might be made from the findings—that the size of
the injection needle should be adjusted to the amount of
subcutaneous fat a person has. In practice, this amount
can sometimes be difficult to estimate. Complications in
connection with heparin injection seem to depend more
on heparin itself rather than the injection technique used.
The research evidence also seems to point toward indi-
vidualizing care. However, to achieve this, the practitioner
needs an explicit practice foundation so that she/he knows
how individual changes should and can be made.

DISCUSSION

The result of this literature review reveals that there is lit-
tle research evidence to support the formulation of rec-
ommendations regarding the performance of subcutaneous
injection.

The fact that studies have been performed on many dif-
ferent aspects of subcutaneous injection reveals that this
is an important clinical area for nurses and others. The
most relevant approach to measuring effectiveness is a well-
conducted randomized clinical trial. This design is difficult
to perform on injection technique, since many of its compo-
nents cannot (like choice of injection site), or should not
(like dose accuracy), be blinded. To provide information
regarding anatomical facts, such as fat depth, descriptive
studies are relevant and indeed were included in this liter-
ature review. Case studies are informative regarding com-
plications but are not a sufficient foundation for general
conclusions and were therefore excluded. In the abstracts
from Medline and CINAHL, several articles included 1- to
10-step instructions about how to perform an injection.
These abstracts were excluded, since there is no convinc-
ing evidence that a certain technique is better than another
just because it has been practiced for a long time. How-
ever, the frequent occurrence of step-by-step instructions
reveals the need for further research, to build up a scientific
foundation for such instructions.

Ideally after the search for studies has begun, the inclu-
sion and exclusion criteria used should not be modified
(SBU 1993). However, with regards to this particular re-
view, it was soon revealed that many studies before 1980
were performed with injection tools no longer in use in
Sweden. Therefore, studies published before 1980 were ex-
cluded from the result except for one that had studied skin
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bacteria, as alcohol swab is still in use (Koivisto & Felig
1978).

The use of MeSH terms in Medline became cumber-
some. The initial search turned out to include clinical tri-
als regarding any medication intended for injection, giving
a lot of pharmacological information but no information
about which injection technique had been used. This is a
weakness in the reporting of a new drug, as there is no
information about whether the correct dose is given in the
intended tissue. The abstracts from the chosen subheadings
in CINAHL were surprisingly often medically oriented, re-
ferring to medical effects or side effects of different drugs,
with little or no information on the injection technique or
other nursing aspects.

Of the published studies, only a small number were per-
formed on persons suffering from diabetes mellitus type 2,
in spite of the fact that these patients constitute the largest
group receiving subcutaneous injections in Sweden and
many other countries. Many of the excluded studies re-
garding absorption of drugs could not be included, as the
authors did not explain how the injection had been per-
formed and whether the injection had reached the intended
fat tissue or not. Several studies on heparin injection had
more than one dependent variable, which makes it hard
to draw any conclusions. Previous literature reviews in-
cluded studies covered by this search, but the authors did
not explain how the selection of included articles had been
carried out.

Implications for research and practice
� Habits and practices of people who inject medication

subcutaneously need to be described further, includ-
ing the existence of injection-related complications.

� Factors that influence patients’ actual injection tech-
nique compared to nurses’ recommendations need to
be investigated.

� Differences in the rate of injection complications in
people receiving injections from nurses/health care
staff compared with people taking the injections
themselves need to be explored.

� More studies should target diabetes type 2 patients,
obese people, and elderly people, as these are the
largest groups receiving insulin (and low-weight-
heparin) injections.

� Methods for estimation of subcutaneous fat tissue
need to be evaluated to facilitate the choice of cor-
rect injection equipment and needle length.

� Studies on people with different skin colour could
facilitate the development of methods to identify skin
complications.

� Studies need to be done on the leakage of drugs at
the injection site and the eventual clinical impor-
tance of drug leakage.

� Injections sites should have a sufficient amount of
fat.

� Children and lean adults need short needles to avoid
intra-muscular injection.

� Patients need instruction and follow-up when be-
ginning self-injection therapy.

� Injection sites should be systematically inspected
and routinely documented.
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