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ABSTRACT

The subcutaneous administration route is
widely used to administer different types of
drugs given its high bioavailability and rapid
onset of action. However, the sensation of pain
at the injection site might reduce patient
adherence. Apart from a direct effect of the drug
itself, several factors can influence the sensation
of pain: needle features, injection site, volume
injected, injection speed, osmolality, viscosity
and pH of formulation, as well as the kind of
excipients employed, including buffers and
preservatives. Short and thin needles, conve-
niently lubricated and with sharp tips, are gen-
erally used to minimize pain, although the
anatomic injection site (abdomen versus thigh)

also affects the sensation of pain. Large subcu-
taneous injection volumes are associated with
pain. In this sense, the maximum volume gen-
erally accepted is around 1.5 ml, although vol-
umes of up to 3 ml are well tolerated when
injected in the abdomen. Injected volumes of
up to 0.5–0.8 ml are not expected to increase
substantially the pain produced by the needle
insertion. Ideally, injectable products should be
formulated as isotonic solutions (osmolality of
about 300 mOsm/kg) and no more than
600 mOs/kg have to be used in order to prevent
pain. A pH close to the physiological one is
recommended to minimize pain, irritation, and
tissue damage. Buffers are frequently added to
parenteral formulations to optimize solubility
and stability by adjusting the pH; however,
their strength should be kept as low as possible
to avoid pain upon injection. The data available
recommend the concentration of phosphate
buffer be limited to 10 mM and that the con-
centration of citrate buffer should be lower than
7.3 mM to avoid an increased sensation of pain.
In the case of preservatives, which are required
in multiple-dose preparations, m-cresol seems to
be more painful than benzyl alcohol and phe-
nol.
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INTRODUCTION

Biopharmaceuticals, such as vaccines, heparin,
insulin, growth hormone, hematopoietic
growth factors, interferons, monoclonal anti-
bodies, etc., are generally incompatible with
oral delivery. Consequently, they have to be
administered parenterally, by means of intra-
venous (IV), intramuscular (IM), or, most com-
monly, subcutaneous (SC) injection. The SC
route is also used for the administration of local
anesthetics and drugs used in palliative care,
such as fentanyl and morphine.

From a pharmacokinetic point of view, par-
enteral routes can be considered near-ideal ways
of administration due to the high bioavailabil-
ity and rapid onset of action usually obtained.
In the case of IV administration, the entire dose
reaches the systemic circulation and an imme-
diate physiological response can be achieved,
whereas IM and SC administrations involve an
absorption process from the injection site,
which leads to a delayed response, since drug
molecules have to diffuse in the interstitial
space in order to reach the capillaries (i.e., to be
absorbed). This absorption process can be
influenced by various factors either physico-
chemical (such as molecular size, electrostatic
charge, and hydrophilicity) or physiological
(such as those arising from the interaction of
the administered drug with endogenous com-
pounds, blood, and lymph flows and/or the
influence of tissue hydration). Molecules larger
than about 16 kDa, such as monoclonal anti-
bodies, are mostly absorbed into lymphatic
capillaries whereas those under 1 kDa are pref-
erentially absorbed into blood capillaries [1].
There are remarkable advantages of SC injec-
tions over the other injection types, since skil-
led personnel are not required, in contrast to IV
and IM administrations, the injections are less
painful, the risk of infection is lower in SC than
in IV injections, and, if this occurs, the infec-
tion is generally limited to a local infection
rather than a systemic infection. Furthermore,
SC injections offer a broader range of alternative
sites than IM injections for those patients
requiring multiple doses [2].

Notwithstanding the aforesaid advantages of
the SC route, patients’ adherence to treatments
based on SC injections can be compromised by
the frequency of injections and injection site
reactions, including pain, mainly when the
consequence of nonadherence is not immedi-
ately life-threatening [3]. In general, decreasing
the frequency of administrations improves
adherence [4, 5], but the subjective pain at the
injection site can be the determinant for
adherence even in case of long dosing intervals.
Besides a direct effect of the drug itself, several
factors may be associated with the sensation of
pain after SC injections: needle features, injec-
tion technique and site, volume injected,
injection speed, osmolality, viscosity and pH of
formulation, as well as the kind of excipients in
the formulation, including buffers and preser-
vatives. Although in vitro methods, based on
subcutaneous and muscle tissues of porcine,
have been developed to evaluate the effect of
injection conditions on the drug permeation in
tissues [6], their use to predict sensation of pain
in patients is limited because of the absence of
functional sensory nerves. The present review
addresses the role of the above factors in the
subjective sensation of pain in individuals
receiving SC injections.

METHODS

The present review is based on literature search
using Pubmed, MEDLINE, Google, and Google
Scholar databases. Only articles written in Eng-
lish were included and the keywords employed
were ‘‘pain’’ and ‘‘subcutaneous’’ combined with
‘‘needle length’’, ‘‘needle diameter’’, ‘‘injection
site’’, ‘‘injection procedure’’, ‘‘injection volume’’,
‘‘injection speed’’, ‘‘osmolality’’, ‘‘viscosity’’,
‘‘buffer’’, or ‘‘preservative’’. In addition, the
search was limited according to time, selecting
those articles published from 1990 to the pre-
sent. Studies performed in animals were not
included. A total of 188 articles were identified
and reviewed, and both their text and refer-
ences were analyzed. The most relevant articles
were used to write this review.

This article is based on previously conducted
studies and does not contain any studies with
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human participants or animals performed by
any of the authors.

RESULTS

Needle Features, Injection Site,
and Injection Procedure

The main factors of the needles used for SC
administration capable of playing a role in the
sensation of pain are length, diameter, blunt-
ness of the needle tip, bevel type, and lubricity.

It is generally assumed that needles of a
shorter and smaller diameter provoke less
painful insertions, bleeding, and bruising [7, 8].
The needle needs to be long enough to ensure
that the medication reaches the hypodermis but
not so long that this is injected in the under-
lying muscle. Muscle is more vascularized than
SC tissue and the absorption of drugs is faster
after an IM injection, which leads to modified
response as compared to that obtained after SC
injection. In this sense, the IM injection of
insulin leads to higher fluctuations in sugar
control, an increased risk of hypoglycemia and
more pain than the SC administration [9, 10].
The available needle lengths for SC injection are
4–12.7 mm for pens and 6–12.7 mm for syringes
[11], and given the highly variable thickness of
hypodermis [12–15], summarized in Table 1,
the adequate needle length should be selected
according to the specific population to be
administered in order to reduce the risk of IM
injection. In this respect, it has been recom-
mended to use needle lengths in the 4–8 mm
range in the case of adults and in the 4–6 mm
range for children [10]. A skin fold is generally
recommended, specially for needles in the
6–12.7 mm range, although it is not necessary
when a very short needle (4 mm length) is used
(Fig. 1).

The needle diameter (Fig. 2) is another factor
commonly associated with the sensation of
pain, with less frequent painful needle inser-
tions in the case of needles with smaller diam-
eters [16]. However, the diameter ranges with
differences in the frequency of pain are not
clear, since painful insertions decreasing from
63% to 31% in the 23–32 G range have been

reported [16] whereas other authors found no
differences in injection pain when comparing
needles in narrower ranges, such as 26–30 G
[17, 18].

In addition, the sharpness and geometry of
tip needles may also affect the pain sensation.
In this sense, it has been reported that 5-bevel
needle tips reduce the average penetration force
in a skin substitute by 23% in comparison to
similar 3-bevel tips [19]. In the same study, the
5-bevel needle tip geometry was perceived by
diabetic patients as less painful.

Needle lubrication is usually performed
through the use of silicone coating to decrease
resistance of insertion and thereby minimizing
injection pain. The most common silicone oil
used in medical applications is polydimethyl-
siloxane, which is available in different viscosi-
ties and can be used to coat syringe barrels and
needles [20]. The goal of syringe barrel sili-
conization is to allow the plunger to glide
smoothly within the barrel, whereas the silicon
coating of the needle prevents it sticking to the
skin. Although silicone oil is generally consid-
ered inert and insoluble in water, it can induce
the formation of aggregates in formulations of
protein-based drugs [21, 22] which can increase
the severity of immune responses [20].

When performing SC injections, the recom-
mended injection angle is around 45� or 90�
depending on needle length and the amount of
subcutaneous tissue at the injection site [23]. A
45� injection angle is particularly recommended
when needles of 8 mm length or longer are used
[10]. When the injection is performed with an
angle of approximately 45�, the needle should
be placed bevel up to reduce pain [24]. The
anatomic injection site has also been associated
with a different degree of pain and thigh
injections have been rated more painful than
injections in the abdomen [25, 26].

Nowadays, new non-injectable subcutaneous
systems and technologies are being developed,
ensuring virtually painless and highly efficient
drug delivery. These devices require a power
source which may be obtained either physically
or by the application of some force. They have
several advantages such as that are easy to use,
store, and dispose, and do not require any
expert supervision or handling. In fact, some
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systems have been approved by the US Food
and Drug Administration (FDA) for subcuta-
neous administration and are available com-
mercially (Biojector 2000, Viajet 3, Tev-Tropin�,
Sumavel� DoseProTM, Bioject� ZetaJetTM, Jupi-
ter JetTM) [27].

The temperature of the solution to be injec-
ted also affects to the sensation of pain. Most
biopharmaceuticals are stored at 2–8 �C and
they should be kept at room temperature for
about 30 min before administration in order to
avoid the pain provoked by the injection of a
cold solution [28].

Volume, Speed, Osmolality, and Viscosity

The maximum volume generally accepted for
an SC injection is around 1.5 ml [29], although
higher volumes (of up to 4 ml) can be admin-
istered if necessary [30]. In spite of the fact that
large SC injected volumes have been generally
associated with pain and adverse events at the
injection site [29], the published data is some-
what conflicting. Thus, an earlier study [31]
compared different volumes of NaCl 0.9%
injected in the thigh of volunteers and found
that volumes of 1 ml and 1.5 ml caused more
pain than volumes of 0.5 ml or less. However,
another study concluded that solutions of up to
3 ml were well tolerated without pain when
injected in the abdomen of healthy volunteers
[32]. The discrepancies between both studies
could be due, at least in part, to the different
anatomic injection site employed, since, as
indicated above, thigh injections have been
rated more painful than injections in the
abdomen [25, 26]. The studies by Heise et al.
[26] and Zijlstra et al. [25] were conducted in
diabetic patients which were injected in the
thigh and abdomen with different volumes of
saline combined with different injection speeds.
Although it was observed, in both studies, that
the thigh injection was more painful than the
injection in the abdomen, the sensation of pain
did not change for injected volumes in the
range of 0–0.8 ml, neither in the thigh nor in
the abdomen. Considering the available litera-
ture on the effect of the volume on the sensa-
tion of pain after SC injections, injected

volumes of up to 0.5–0.8 ml are expected not to
substantially increase the pain produced by the
needle insertion.

Ideally, injectable products should be for-
mulated as isotonic solutions (osmolality of
about 300 mOsm/kg) [33]. However, it is com-
mon practice to administer hypertonic solu-
tions to reduce the total volume injected. The
degree of hypertonicity has been related to the
sensation of pain and an upper limit of
600 mOsm/kg has been proposed to minimize
hypertonicity-induced pain [34].

Injection speed seems to have no impact on
injection-related pain [25, 26, 35]. In a study
performed with 82 diabetic patients in whom
different injection speeds of saline were tested
(150, 300, and 450 ll/s), no differences in per-
ceived injection pain between speeds were
found [26]. A similar conclusion was obtained
with the administration of 4.5 ml of a lidocaine
solution on the abdomen of healthy volunteers
using SC injections lasting 15 s (300 ll/s), 30 s
(150 ll/s), and 45 s (100 ll/s), with no differ-
ences in the sensation of pain between the three
injection speeds [35].

A very low viscosity of the injected solution
has also been associated with an increased sen-
sation of pain. In fact, in a study comparing the
pain perceived after the injections of three dif-
ferent fluid viscosities (1, 8–10, and 15–20 cP) it
was observed that high viscosity injections (up
to 15–20 cP) were less painful and, conse-
quently, the most easily tolerated ones [32].

pH and Buffer Composition

A general recommendation is to formulate par-
enteral medicinal products with a pH close to
the physiological pH to minimize pain, irrita-
tion, and tissue damage, except when stability
or solubility considerations preclude this. It has
been found that pH values above 9 are related to
tissue necrosis, whereas values lower than 3 can
cause pain and phlebitis [33].

Buffers (Table 2) are added to parenteral for-
mulations to adjust the pH [33, 36, 37] with the
aim of optimizing solubility and stability, and
are typically used in the 10–100 mM range [33].
In this context, the most common buffers used
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in parenteral formulations are citrate, phos-
phate, and acetate [33].

There are a few publish articles that study the
relationship between buffer composition and/or
concentration and sensation of pain after SC
injection. In this sense, formulations contain-
ing different phosphate buffer concentrations at
pH values from 6 to 7 have been compared [38].
The lowest discomfort at the injection site was
obtained with 10 mM phosphate at pH 7.
Injection of 50 mM phosphate at pH 6 was more
painful than 10 mM phosphate. However, there
were no differences in pain when 10 mM
phosphate at pH 6, 10 mM phosphate at pH 7,
and 50 mM phosphate at pH 7 were compared.
The authors concluded that for SC injections at
non-physiological pH, the buffer strength

should be kept as low as possible to avoid pain
upon injection.

Citrate buffer is commonly used in par-
enteral formulations at concentrations in the
range 5–15 mM, and it is assumed that increas-
ing the concentration to more than 50 mM can
result in excessive pain upon SC injection [36].
However, some studies have shown that citrate
concentrations lower than 50 mM may also be
painful. Thus, in a study carried out to identify
the pain-causing substance in epoetin alfa (EPO-
alfa) preparations, the authors found that
citrate buffer (approx. 23 mM) was the compo-
nent responsible of the local pain experienced
after the SC administration of EPO-alfa [39]. In
another study, the perception of pain after SC
injection of two different commercially

bFig. 1 Subcutaneous self-injection of a medicinal product
in the anterior abdomen (a) using the ‘‘pinch-up’’
technique. The mean skin thickness is around 2.1 mm in
the anatomic zones commonly used for subcutaneous
injections (b); however, the target tissue (hypodermis)
shows a wide variability in thickness. The absorption route
of the administered molecules depends on their size (c),
with molecules larger than about 16 kDa being mostly
absorbed into lymphatic capillaries and those smaller than
1 kDa into blood capillaries [48]

Fig. 2 Relative diameter of needles according to the gauge
system (G). Values in the upper part indicate the external
diameter in millimeters

Table 2 Buffers used in parenteral preparations and
approximate buffering range

Buffer pH range

Glutamate 2.0–5.3

Tartrate 2.0–5.3

Lactate 2.1–4.1

Citrate 2.1–6.2

Malate 2.4–6.1

Gluconate 2.6–4.6

Ascorbate 3.0–5.0

Maleate 3.0–5.0

Phosphate 3.0–8.0

Succinate 3.2–6.6

Acetate 3.8–5.8

Bicarbonate 4.0–11.0

Aspartate 5.0–5.6

Histidine 5.0–6.5

Benzoate 6.0–7.0

Tromethamine 7.1–9.1

Diethanolamine 8.0–10.0

Ammonium 8.25–10.25

Glycine 8.8–10.8
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available solutions for dispensing recombinant
human growth hormone containing citrate
(10 mM) or histidine (4.4 mM) was evaluated in
healthy volunteers [40]. The pH was similar for
both buffers, 6.15 for histidine and 6.00 for
citrate, as well as the preservative concentration
(3 mg/ml and 2.5 mg/ml of phenol, respec-
tively). The author of this study concluded that
the use of citrate as a buffer caused more pain
immediately after SC injection than the solu-
tion with histidine. However, there was no dif-
ference between both buffers 2 min after
injection.

The use of citrate to buffer adalimumab
solutions has also been related to a higher sen-
sation of pain [41, 42], although given the
design of some of these studies it is difficult to
attribute the differences in the injection site-
related pain to the content in citrate buffer.
Thus, the adalimumab preparation containing
citrate buffer (7.3 mM) differed from the citrate-
free one in volume (0.8 ml vs 0.4 ml), needle
diameter (27 G vs 29 G) of prefilled syringes
used for the administrations, and excipients
[42]. In this context, some of the new formula-
tions of adalimumab have removed or sub-
stantially lowered the concentration of the
citrate buffer to a residual concentration of
1.2 mM [43, 44], which should minimize or
prevent pain potentially associated with this
buffer. Only a low percentage of adalimumab-
treated patients versus placebo had reported
pain related to injection in adalimumab clinical
trials [45–47], and only one reported dropout
specifically related to injection-site pain [48]
was found in our literature search.

A recent report from the UK National Health
Service (NHS) based on 6 months’ usage of
adalimumab biosimilars in 35,000 patients in
the UK (63.6% of patients that were receiving
adalimumab) has analyzed the reported dis-
comfort at the injection site. This discomfort
has been reported with all products and has not
been directly linked to the citrate content of the
injection. Other documented parameters that
have been shown to influence the discomfort
include injection technique, speed of injection,
and temperature of the injection [49].

It has been reported that buffering local
anesthetic solutions with sodium bicarbonate

reduces local pain. Lidocaine and bupivacaine
solutions are acidic and cause pain upon injec-
tion, which can be mitigated by increasing the
pH to 7 with sodium bicarbonate [50]. In addi-
tion, buffering local anesthetic solutions with
sodium bicarbonate improves onset time,
duration of action, and anesthetic effect, since
local anesthetic activity is strongly pH-depen-
dent [51].

In summary, the available data about the
effect of buffers on the sensation of pain suggest
that, in some cases, it is a consequence of the
particular drug–buffer combination, as occurs in
the case of bicarbonate and local anesthetics in
which the buffering capacity of bicarbonate at
pH 7 increases the activity of the anesthetics,
thus reducing pain associated with the SC
injection [51]. In other cases, the concentration
of the buffer is associated with increased pain,
as occurs when phosphate is used at concen-
trations higher than 10 mM and pH 6 (but not
at pH 7) [38] or when citrate is used at con-
centrations of 7.3–10 mM [40, 42]. These data
recommend the concentration of phosphate be
limited to 10 mM and the concentration of
citrate be lower than 7.3 mM in order to avoid a
potential increased sensation of pain as com-
pared to that produced by the insertion of the
needle.

Preservatives

Multiple-dose preparations require antimicro-
bial preservatives to inhibit the growth of
microorganisms that may be introduced from
repeatedly withdrawing individual doses.

A review by Meyer et al. [52] shows that
phenol and benzyl alcohol are the two most
common antimicrobial preservatives used in
peptide and protein products, while phe-
noxyethanol is the most frequently used
preservative in vaccines. Benzyl alcohol or a
combination of methylparaben and propyl-
paraben is generally used in small molecule
parenteral formulations.

The local discomfort and pain at the injec-
tion site of some growth hormone preparations
have been associated with the preservatives
used in the formulations [53]. The sensation of
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pain was similar between formulations con-
taining phenol (3 mg/ml) and benzyl alcohol
(3–9 mg/ml), whereas m-cresol (9 mg/ml) was
associated with more painful injections than
benzyl alcohol.

CONCLUSION

Multiple factors related to the injection tech-
nique and the composition of the injected
solution can affect the sensation of pain after SC
injections. Injected volumes lower than 0.8 ml,
drug solutions at room temperature, and injec-
tion in the abdomen are injection technique-
dependent factors meant to reduce pain. Ide-
ally, injectable products should be formulated
as isotonic solutions with a pH close to the
physiological one. Solution osmolality should
be lower than 600 mOs/kg in order to prevent
pain. There are not very solid data attributing
pain in injection site to buffers, and several
associated confounding factors in the studies
make it difficult to reach conclusions. On the
basis of the data, we would recommend the
concentration of phosphate to be limited to
10 mM and the concentration of citrate be
lower than 7.3 mM. Preservatives, which are
required in the case of multiple-dose prepara-
tions, can increase the sensation of pain. In
preparations of growth hormone, the preserva-
tive m-cresol has been reported to be more
painful than phenol and benzyl alcohol.
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