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Objectives: Hallux rigidus is one of the main etiologies of disability in the elderly. It is a 
degenerative disease of the first metatarsophalangeal joint causing restriction of movement 
as well as pain and swelling. This study was conducted to evaluate the effectiveness of 
methylprednisolone and dextrose prolotherapy in pain reduction and functional improvement 
of patients with hallux rigidus.

Methods: A randomized double-blind control trial was designed with the inclusion of 32 
patients assigned to the two groups. Group one received a mixture of 1 cc methylprednisolone 
40 mg with 1 cc lidocaine 2% while the second group received a combination of 1 cc dextrose 
50% with 1 cc lidocaine 2%. Standard questionnaires, including visual analog scale (VAS) and 
Manchester-Oxford foot questionnaire (MOXFQ) were completed by all patients at baseline 
and 1, 4, and 8 weeks after injections.

Results: Both groups revealed significant improvement in VAS and MOXFQ scores 1, 4, and 
8 weeks post-injection with no difference between the two groups in the follow-up.

Discussion: Both corticosteroid injections and prolotherapy are effective in pain reduction 
and functional improvement in patients with hallux rigidus but neither is superior to the other.
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Highlights 

• Hallux rigidus is one of the main etiologies of disability in the elderly.

• We conducted this research to evaluate the effectiveness of methylprednisolone and dextrose prolotherapy in pain 
reduction and functional improvement of patients with hallux rigidus.

• Both corticosteroid injections and prolotherapy are effective in pain reduction and improvement of function in 
patients with hallux rigidus but neither is superior to the other.

Plain Language Summary 

Hallux rigidus is one of the main etiologies of disability in the elderly. We conducted this research to evaluate 
the effectiveness of methylprednisolone and dextrose prolotherapy in pain reduction and functional improvement 
of patients with hallux rigidus. Both corticosteroid injections and prolotherapy are effective in pain reduction and 
improvement of function in patients with hallux rigidus but neither is superior to the other.

1. Introduction

allux rigidus is one of the leading eti-
ologies of disability in the elderly. It is 
a degenerative disease of the first meta-
tarsophalangeal joint (MTP) causing re-
striction of movement as well as pain and 
swelling [1-3]. This swelling is initially 

due to synovitis secondary to the progression of osteo-
phytes around the joint [4-6]. It has a prevalence of 1 in 
60 people in cases aged 31-60 years or 1 in 45 people 
over 60 years. Elsewhere, the prevalence is reported to 
be 2.5% in people over 50, which is twice as common in 
women as in men [7, 8]. As the disease progresses, pe-
riods of acute pain intensify and the duration of pain in-
creases so that it can be sometimes misdiagnosed by gout 
or infection [9]. The underlying cause of hallux rigidus is 
not clearly known. Although most cases are probably id-
iopathic, some predisposing factors mentioned in previ-
ous articles include age, trauma, female gender, positive 
family history, inflammatory and metabolic conditions, 
such as gout, rheumatoid arthritis, seronegative arthrop-
athies, hallux valgus, and structural factors, like elevated 
metatarsus, hyperactivity of the first toe, pes planus, high 
arches of the foot, and longer first metatarsus in contrast 
to the second one. Improper shoes, poor foot mechanics 
during walking or running, strenuous exercise, and being 
overweight also play a role [2, 6, 10]. 

Standard treatment for foot pain is usually conservative 
starting with appropriate shoes or orthoses. If the pain 
does not improve, nonsteroidal anti-inflammatory drugs 
(NSAIDs), intra-articular injections, and physical thera-
py may be used. Patients can be candidates for surgery 

if conservative managements are not effective [7, 11]. 
One of the injectable drugs is a corticosteroid, which is 
widely used in the treatment of various problems, such 
as osteoarthritis and gout. However, it may have side 
effects and short-term advantages due to the previous 
studies [12, 13]. For example, Grice et al. performed a 
retrospective review of the clinical results after steroid 
injections in 365 patients with foot or ankle problems. 
They showed that it was a safe and effective choice for 
the treatment of different foot and ankle disorders. It also 
reduced the requirement for surgery. However, it did not 
cause a significant improvement in pain for periods lon-
ger than three months, especially in patients with plantar 
fasciitis and hallux rigidus [13]. Prolotherapy is another 
method, which is primarily used for controlling pain in 
tendinopathies and ligament strains as well as destructive 
arthritis of the spine and joints. In this method, a solution 
is injected into the tendons and ligaments, which stimu-
lates the production of collagen, fibrous tissue, and new 
bone cells, and ultimately strengthens these structures 
as well as increases joint staility. Dextrose is the most 
common drug used in prolotherapy as it is more avail-
able and cheaper than other proliferators [14-16]. Ross 
et al. investigated the outcomes of 19 patients undergo-
ing dextrose prolotherapy treatment for unresolved foot 
and toe pain. They showed 100% improvement in their 
pain, stiffness, and quality of life (QoL) [2]. Nowadays, 
the grading of the hallux rigidus is based on the system 
designed by Shurnas and Coughlin combining radiology 
and clinical findings as the gold standard method (Table 
1) [12]. 
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In summary, Hallux rigidus can cause antalgic gait and 
secondary musculoskeletal problems that will have great 
socio-economic costs for the patients. Using a proper 
treatment method can help reduce pain and increase the 
QoL. The aim of this research was to investigate the ef-
fect of intra-articular injections of 50% dextrose using 
methylprednisolone and prolotherapy on reducing pain 
and improving function in these patients. Steroids are 
one of the cheapest and most widely used drugs for joint 
injections. We compared it to prolotherapy because it 
is safe and cost-effective, and provides tissue renewal 
without any side effects.

2. Materials and Methods

This research was a double-blind clinical trial, which 
was conducted on patients referring to physical medicine 
and rehabilitation units affiliated with the Shiraz Uni-
versity of Medical Sciences (SUMS). Written informed 
consent was obtained from each patient. In 2021, a total 
of 32 patients (16 cases in each group) were randomly 
allocated to two groups by block randomization assign-
ment and double-blind techniques to receive either pro-
lotherapy or corticosteroid injections. The randomiza-
tion sequence was made using excel 2007 (Microsoft) 
with a 1:1 allocation as well as a random block size of 
six. Both patients and statisticians were blinded to treat-
ment allocation. Patients aged 30-65 years and com-
plaining of pain or decreased range of motion in the first 
MTP for at least three months without any response to 
other conservative therapies were included. The exclu-
sion criteria were patients with the severe stage of the 
degenerative disease in the first MTP according to the 
anterior-posterior and lateral views of radiography per-
formed before treatment (grades III and IV). Moreover, 
patients with diabetes, rheumatologic disease, history of 
previous trauma or operation of the first MTP, infections, 
lumbar radiculopathies, anomalies, nonsteroidal anti-
inflammatory drug consumption, coagulopathies, preg-
nancy, and history of previous local injection of this joint 
in recent six months were excluded. The demographic 
variables, such as age, sex, and side of injection (right or 
left first MTP) were evaluated. Two types of question-
naires were considered for each patient before injection, 
one, four, and eight weeks after injection by the research-
er’s questioning verbally. These questionnaires were the 
visual analog scale (VAS) and Manchester-Oxford foot 
questionnaire (MOXFQ). The validity and reliability of 
both questionnaires were confirmed [17, 18]. The for-
mer included zero to ten scores indicating zero scores 
for no pain and ten for the worst pain. The latter was also 
a 16-item questionnaire to assess the patient’s pain and 

functional performance, walking and standing, which 
has good evidence in assessing foot and ankle problems 
[19]. The mechanism of the disease, various approach-
es of treatment, prognosis, the study process, and case 
selection was described for each patient. The injection 
was performed under sterile conditions with a 2 cc sy-
ringe (23 gauge), which was inserted from the medial 
side of the joint while the solution was injected in both 
plantar and dorsal directions. Treatment of group A was 
performed with a mixture of 1 cc methylprednisolone 
acetate (40 mg) and 1 cc of lidocaine 2%. For group B, 
a mixture of 1 cc dextrose 50% and 1 cc of lidocaine 
2% was injected. The injection was given in one session 
only. Recommendations and precautions after the injec-
tion were described and each patient was followed in the 
first, fourth, and eighth weeks after the injections. Figure 
1 shows the consort diagram.

Statistical analysis

Analysis was conducted for each of the outcome mea-
sures (score from VAS and MOXFQ) by SPSS software, 
version 18 (IBM Corp., 2011, IBM SPSS Statistics for 
windows, NY, EUA). The Mean±SD were used to show 
quantitative variables. Frequency variables as well as 
percentages were used to reveal qualitative variables. 
According to the result of the Kolmogorov-Smirnov 
test, the data distribution was not normal. Therefore, the 
Mann-Whitney test was used to compare quantitative 
variables between the two groups while the Chi-square 
and Fisher’s exact tests were used to compare qualita-
tive variables between the two groups. Mann-Whitney 
test was used to compare VAS scores between the two 
groups and the Kruskal-Wallis test was used to com-
pare VAS within the group. To compare the score of the 
MOXFQ questionnaire according to its normal distribu-
tion, a t-test was used for between-group comparison 
and repeated-measures ANOVA was used for within-
group comparison. A P<0.05 was defined as a significant 
value statistically.

3. Results

In this research, 32 cases participated (16 cases were 
in group A with methylprednisolone injection while the 
other 16 patients were in group B with 50% dextrose in-
jection). The age range of patients was 33-64 years. The 
demographic characteristics of the two groups are sum-
marized in Table 2. Comparing the mean age and sex 
factors between the two groups revealed no significant 
difference. The comparison of VAS scores within each 
group was significant, which was due to the significant 
reduction of the post-injection VAS score compared to 
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the pre-injection one (Table 3). Furthermore, there was 
no statistical difference between the VAS scores of the 
two groups before injection, and after the first, fourth, 
and eighth weeks (P: 0.491, 0.323, 0.305, and 0.699, re-
spectively) (Figure 2). A comparison of MOXFQ scores 
also showed a significant reduction in the post-injection 
scores (Table 4). Moreover, no statistical difference was 
detected in the MOXFQ scores of the two groups before 
injection, and one, four, and eight weeks after injection 
(P: 0.254, 0.930, 1.000, and 0.825, respectively) (Fig-
ure 3). During follow-up of patients after the injections, 
no specific complication was observed except for slight 
pain at the injection site lasting for a few days. No bruis-
ing or infection was reported by any of the patients.

4. Discussion

The first toe maintains the inner arch of the sole of 
the foot, and indeed, it is the most important weight-
bearing part that bears 40 to 60% of the body weight 
during walking. Hallux rigidus is seen in 10% of people 
over the age of 60 [3-6]. It causes antalgic gait. It means 
that with the exacerbation of the disease, the person puts 
pressure on the outer part of the foot, which limits activ-
ity, reduces balance, and increases the risk of falling [5, 
8]. Pain and stiffness worsen as the joint becomes dorsi-
flexed while climbing stairs or running. The patient may 
have numbness in the medial side of the thumb due to the 
entrapment of the superficial inner branch of the nerve 
by dorsal osteophytes [1, 4, 20]. In this study, the effects 
of methylprednisolone injection and 50% dextrose were 
compared in terms of reducing pain and improving pa-

Table 1. Coughlin and Shurna’s classification of hallux rigidus

Clinical FindingsX-ray RadiographyGrade

Tolerable stiffness and partial lack of range of motionNormal0

Mild or intermittent pain and stiffness, pain elicited at 
maximum degrees of range of motion

Osteophytes as cardinal finding, minimal metatarsal head
flattening and joint space narrowingI

Moderate to severe pain and stiffness with more obvious 
frequency, pain elicited near end degrees of range of 
motion

Periarticular osteophytes with mild to moderate joint 
space narrowing, flattening, and sclerosisII

Approximately constant pain and stiffness with the pain 
evoked with the end range of motion

Similar to grade II with cystic changes subchondral 
and sesamoid irregularitiesIII

Pain presents at mid-range of motionSimilar to grade IIIIV

Table 2. Demographic characteristics of both methylprednisolone and prolotherapy groups

P
Mean±SD/No. (%)Demographic

Characteristics TotalProlotherapy (n=16)Methylprednisolone (n=16)

0.3648.37±9.5449.81±9.3146.87±9.77 Ag (y)

0.50
5(15.6)

27(84.4)
2(12.5)

14(87.5)
3(18.8)

13(81.3)
Male

Female
Gender

Table 3. Comparing the VAS score within each group of methylprednisolone prolotherapy

VAS Score Methylprednisolone Prolotherapy

Before and 1 week after injection P<0.001 P<0.001

Before and 4 weeks after injection P<0.001 P<0.001

Before and 8 weeks after injection P=0.004 P=0.001
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tients’ functions. The MOXFQ was used to evaluate the 
improvement of patients’ performance and the VAS was 
used to assess the severity of pain. There was no statisti-
cally significant difference between the two groups in 
terms of demographic factors, including age and sex. In 
both groups, the desired factors were evaluated before 
injection and one, four, and eight weeks after injection. 
In each group, following the injection, factors measured 
with both VAS and MOXFQ significantly improved 
compared to the time before injection. Therefore, it can 
be concluded that the injections of both methylpred-

nisolone and dextrose 50% reduced pain and improved 
patients’ performance for at least eight weeks. A com-
parison of the results obtained between the two groups 
showed no significant difference in the scores achieved 
from both questionnaires before the injection as well as 
one, four, and eight weeks after the injection. This indi-
cated that both treatments had a positive effect on reduc-
ing pain and improving patients’ performance, but there 
was no significant difference between them. In previous 
studies, the effects of these two drugs on the treatment of 
hallux rigidus were not compared. 

Table 4. Comparison of the MOXFQ within each group of methylprednisolone and prolotherapy 

MOXFQ Score Methylprednisolone Prolotherapy

Before and 1 week after injection P=0.045 P=0.047

Before and 4 weeks after injection P=0.015 P<0.001

Before and 8 weeks after injection P<0.001 P=0.012
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Figure 1. CONSORT 2010 flow diagram
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Figure 2. Comparison of the VAS scores between the methylprednisolone injection and dextrose 50% prolotherapy groups 
pre-injection, and 1, 4, and 8 weeks after injection.

Drug

VAS

Time

methlyprednisolon
DW 50%

Es
tim

at
ed

 M
ar

gi
na

l M
ea

ns

Figure 3. Comparison of the MOXFQ scores as a quality of life (QoL) questionnaire between the methylprednisolone injection 
and dextrose 50% prolotherapy groups pre-injection, and 1, 4, and 8 weeks after injection.
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Rather, one of the two drugs was usually used or the 
two drugs were compared to treat other musculoskeletal 
problems. For example, Ross et al. evaluated the effect 
of prolotherapy injection on foot problems, such as hal-
lux rigidus, and showed a significant difference before 
and after dextrose injection. This effect was also seen up 
to 18 months of follow-up [2]. In our study, the same 
result was obtained but it was not comparable in terms 
of follow-up time. In another study, the effect of prolo-
therapy and corticosteroids on the treatment of lateral 
epicondylitis was compared and the two drugs showed 
a similar effect, which is consistent with our results [21]. 
In the other study by Jahangiri et al., the effect of these 
two drugs on the osteoarthritis of the first metacarpopha-
langeal joint of the hand was evaluated. During the first 
month, the effect of corticosteroids was better, but after 
six months, the effect of dextrose was greater than that 
of corticosteroids [22]. The results of this study did not 
match the results of our study, which showed no signifi-
cant difference between the two groups for up to eight 
weeks. In the studies by Grice et al. and Grady et al., cor-
ticosteroid injection was effective in hallux rigidus. In 
the study by Grady et al., this effect remained until a year 
later, but in the study by Grice et al., this effect lasted for 
three months [13, 23]. The result of our study in terms 
of corticosteroid injection in a short period is consistent 
with these studies. However, in the long period, it was 
not comparable due to shorter follow-up. 

One of the shortcomings of this study was the short-
term follow-up. Moreover, to more accurately evaluate 
the effect of drugs on the treatment of hallux rigidus, 
patients could be classified according to the severity of 
hallux rigidus and the desired indicators that would be 
accurately checked. The economic and cultural condi-
tions of patients were other factors that could affect the 
results of the work. The lack of standard shoes in the 
market was another factor that could aggravate hallux 
rigidus and affect the therapeutic response of patients. 
Therapeutic effects have also been evaluated subjec-
tively. If the recovery process was evaluated with the 
objective findings, such as radiographic manifestations 
before and after the procedure or the use of laboratory 
markers and clinical examinations (like a more objective 
assessment of patient ability over a specified distance 
via treadmill testing), comparison of scientific findings 
would be reported more accurately. Furthermore, the 
older age of some patients and the presence of possible 
depression due to chronic pain might reduce the accura-
cy of the answers received from the patients. Decreased 
patient cooperation following the passage of time was 
also a problem that had arisen in such studies. Therefore, 
future studies with larger sample sizes, longer follow-

ups, objective evaluations of patients, categorization of 
patients’ response to treatment based on the severity of 
hallux rigidus, administration of different doses of drugs, 
and obtaining the most appropriate prescribed dose are 
recommended.

5. Conclusion

Corticosteroid and dextrose prolotherapy are both ef-
fective in the management of hallux rigidus with neither 
having superior to the other. Therefore, dextrose prolo-
therapy can be an alternative option for corticosteroids 
injection due to the low price, the absence of specific 
side effects, and the mentality of patients towards the 
side effects of corticosteroids that may cause rejection 
by the patients. 
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