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Abstract
Background: Medial tibial stress syndrome (MTSS) is one of the most common lower leg injuries in
sporting populations. It accounts for between 6%-16% of all running injuries, and up to 53% of lower leg
injuries in military recruits. Various treatment modalities are available with varying degree of success. In
recalcitrant cases, surgery is often the only option.

Objective: To evaluate whether ultrasound-guided injection of 15% dextrose for treatment of recalcitrant
Medial Tibial Stress Syndrome decreases pain and facilitates a return to desired activity levels for those
who may otherwise be considering surgery or giving up sport.

Design: Prospective case series

Setting: Private specialist Centre

Patients: Eighteen patients: �fteen male and three female; (mean age=31.2 years) with MTSS were
referred from sports injury clinics across the UK, having failed all available conservative treatment.

Intervention: An ultrasound-guided sub-periosteal injection of 15% dextrose was administered by the
same clinician (NP) along the length of the symptomatic area. Typically, 1 mL of solution was injected
per cm of symptomatic area.

Main Outcome Measures: Pain was assessed using a 10-cm visual analogue scale (VAS) at baseline,
short-term, medium-term (mean 18 weeks) and long-term (mean one year) follow-up. Symptom resolution
and return to activity were measured using a Likert scale at medium and long-term follow-up.

Results: Patients reported a signi�cant (p<0.01) reduction in median VAS pain score at medium and long-
term follow-up compared to baseline. Median improvement per patient was 4.5/10. Patients rated their
condition as ‘much improved’ at medium-term follow-up and median return to sport score was ‘returned to
desired but not pre-injury level’ at medium-term and long-term follow-up. No adverse events were reported.

Conclusions: Ultrasound-guided 15% dextrose prolotherapy injection has a signi�cant medium-term
effect on pain in MTSS. This bene�t may be maintained long-term. More robust trials are required to
validate these �ndings.

Clinical Relevance: Clinicians should consider the use of ultrasound-guided injection of 15% dextrose as a
viable treatment option to reduce pain and aid return to activity for patients with recalcitrant Medial Tibial
Stress Syndrome.

Introduction
Medial tibial stress syndrome (MTSS) is one of the most common lower leg injuries in sporting
populations[1]. It accounts for between 6%-16% of all running injuries[2], and up to 53% of lower leg
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injuries in military recruits[3]. Medial tibial stress syndrome, chronic compartment syndrome and tibial
stress fracture are commonly grouped together as ‘shin splints’, which was traditionally the terminology
used to describe exercise induced lower leg pain (EILP) of varying aetiologies[4]. Medial tibial stress
syndrome is the most common of the three[1].

In the early stages of the condition, pain tends to occur at the beginning of exercise, may diminish as
activity proceeds, and recurs at the end[2, 5, 6]. Usually, pain resolves with rest[7]. However, as the
condition progresses, pain may occur constantly throughout exercise[8], at rest and at night, causing
signi�cant distress and affecting quality of life[2, 5, 9].

Although common, the pathophysiological process underlying MTSS remains uncertain. A popular theory
is that excessive muscular traction could lead to in�ammation of the periosteum, causing chronic
periostitis[8, 10, 11]. However, histological studies have found scant evidence of in�ammation[12–14].
More recently, it has been suggested that MTSS be classi�ed as a point on a continuum of bone stress
reaction, which can be assessed using magnetic resonance imaging (MRI)[15]. Beck proposed that
repetitive loading during sustained weight-bearing activity may lead to strain-related periosteal
remodelling due to tibial bending, which provokes stress injury at the point of maximum bending[16]. A
study investigating torsional loading of the tibia during running reported that some patients attained a
maximum moment over 25% of tibial ultimate loading capacity[17], greater than the level required to
cause observable micro damage in rat tibiae, supporting a repetitive bone-overload hypothesis[18]. A
recent systematic review concluded that MTSS is caused by a stress phenomenon of bone that leads to
overload and subsequently becomes painful[7].

Medial tibial stress syndrome is di�cult to treat and predominantly managed conservatively. Modalities
include icing[19], non-steroidal anti-in�ammatory drugs (NSAIDs), stretching and orthotics[20], and
modi�cation of biomechanical factors. Thacker et al. found little evidence to support any of these
management strategies[21]. A recent cohort study suggests that low-energy extracorporeal shockwave
therapy could be used to treat chronic MTSS[22]. Surgery has been performed in cases of MTSS and,
although it signi�cantly reduced pain in 72% of those treated, only 41% of patients returned to sport at
their previous level[23].

Proliferative injection therapy (prolotherapy) has been used clinically since the late 19th century, and has
been mentioned in medical journals since at least 1937[24]. The rationale behind prolotherapy is that
injecting proliferants, such as hypertonic glucose solution, into damaged connective tissue, initiates
in�ammation, which leads to a healing cascade resulting in �broplasia, deposition of new collagen and
tissue hypertrophy[25]. Animal studies have reported collagen proliferation, increased bone-ligament-bone
junction strength and ligament mass with prolotherapy injections compared to controls[26]. The
periosteum is richly innervated with nociceptive nerve �bres[27], therefore in MTSS it is possible that a
prolotherapy injection may reduce pain by disrupting these sensory �bres as a result of the direct osmotic
shock action of hypertonic dextrose on cells local to the injection site[25].
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Trials of prolotherapy have found it to be bene�cial in the treatment of lateral epicondylopathy[28],
osteitis pubis[29], plantar fasciopathy[30], Achilles tendinopathy[31] and recalcitrant coccygodynia[32].
Most trials of prolotherapy are case series given the di�culty of recruiting adequate patient numbers not
responsive to other treatments, providing level 4 evidence. There is currently no published literature
investigating the use of prolotherapy in the management of MTSS. A pilot study of this project reported a
median pain reduction of 50% at medium-term follow-up. The present study was a continuation of that
pilot study and enabled longer-term treatment effects to be established. With current management
options for recalcitrant MTSS showing inconsistent or unsatisfactory results, investigation of this novel
treatment was necessary.

This prospective case series study sought to evaluate whether ultrasound-guided injection of hypertonic
dextrose decreases pain and facilitates a return to desired activity levels for those who may otherwise be
considering surgery or giving up sport. We hypothesise that prolotherapy improves pain and facilitates
return to sport at a desired level.

Patients And Methods
Recruitment

Sports physicians, surgeons, podiatrists, podiatric surgeons and physiotherapists working in sports injury
clinics who were known to the main 2 authors (NP, TAC) across the UK were contacted via email and
invited to refer patients with painful, recalcitrant MTSS not responding to other conservative treatment
modalities, whom they felt might bene�t from the trial intervention. Failed previous conservative
treatment included physiotherapy, rest, ice, NSAIDs (non-steroidal anti-in�ammatory drugs) and correction
of biomechanics (e.g. taping for control of foot pronation).

Inclusion criteria were patients with persistent, painful MTSS assessed and con�rmed by the lead
clinician (NP). Exclusion criteria were previous periosteal surgery for MTSS, previous or current tibial
stress fracture or contraindications to the intervention such as pregnancy or anticoagulant therapy.

Patients were assessed by the lead clinician and the diagnosis of MTSS was con�rmed by a history of
exercise induced pain over the posteromedial border of the middle to distal third of the tibia, a positive
SPT (Shin Palpation Test - palpation tenderness over the painful middle and distal thirds of the medial
tibia) both at rest and following exercise, and MRI changes showing periosteal or bone marrow oedema.

Ethical approval was granted by the Queen Mary University of London Ethics Review Board. Participants
provided signed written informed consent. Subsequently, a detailed medical history and biographical data
were taken and an examination performed.

Intervention and injection procedure

The injection procedure is very simple and within the expertise of all clinicians who are used to injection
techniques for musculo-skeletal pathology. It is primarily performed in the out-patient department (OPD)
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and does not require a local anaesthetic even though local anaesthetic is used to dilute 50% glucose
down to 15%. In some cases where pain tolerance is poor, it can be performed under a general
anaesthetic. In this study all subjects were treated in OPD. The target area for the purpose of needle
placement is the area anterior to deep crural fascia (Figs. 1A and 1B.) along the medial tibia. The skin
overlying the most painful area of the tibia was marked with an indelible marker pen and then cleansed
using alcoholic chlorhexidine (2% chlorhexidine gluconate, 70% isopropyl alcohol). An ultrasound scanner
(USS) (Siemens AG, Berlin, Germany) was used to guide and con�rm needle position. The needle is
introduced under real-time USS from the most proximal end of the site of pain (knee end) to the most
distal (ankle end) (Figs. 2A & 2B). The spinal needle (0.7 mm diameter x 90 mm length, Becton, Dickinson
and Company LLC, Franklin Lakes, New Jersey, US) was positioned parallel along the medial tibia in the
area anterior to deep crural fascia (Fig. 3). Needle introducer was removed with the needle in place. 15%
dextrose solution was slowly in�ltrated, approximately 1 mL of solution per 1 cm along the whole length
of the area of pain. In some case where the length was longer than the spinal needle, second entry point
was made following the same protocol as above. After the injection, the area was cleansed, dressed, ice
packs applied for 2 minutes and knee high compression socks (Fig. 4.) (Bauerfeind AG, Zeulenroda-
Triebes, Germany) were �tted. Patients were advised to continue wearing them for up to four weeks,
removing them at night. Patients were advised to take relative rest for three days and given advice for
simple �exibility exercises and a graded return to physical activity. Patients were followed up one week
later to monitor progress and address any concerns or questions.

Outcome Measures

The patients’ ‘average pain’, de�ned as the most pervasive severity of pain throughout a 24-hour period,
was measured using a 10-cm visual analogue scale (VAS). The VAS is sensitive[33], reliable, valid and
responsive for measuring pain in other common musculoskeletal conditions, such as patellofemoral pain
syndrome[34]. Pain was assessed in this way at 0 (baseline), 1, 2 and 4 weeks after the injection, and at
medium-term (mean 18 weeks, range 13–36 weeks) and long-term (mean 52 weeks, range 47–74 weeks)
follow-up to assess the patients’ response to the intervention.

A Likert[35] symptom resolution scale was used to measure the subjective degree of recovery at medium-
term and long-term follow-up compared to baseline. There are six possible outcome scores for the Likert
scale: 1– completely recovered, 2– much improved, 3– somewhat improved, 4– no change, 5– worse, 6–
much worse. Treatment was classed as a success in patients who rated themselves as ‘completely
recovered’ or ‘much improved’, re�ecting the method of previous authors[22]. Other scores were
considered treatment failure. Categorical scales such as the Likert are sensitive indicators of clinical trial
end points[36].

Return to sport was assessed with a �ve-point activity scale at medium-term and long-term follow-up: 1–
not active at all, 2– no return to sport, 3– returned to sport at an unsatisfactory lower level, 4– returned at
desired but not pre-injury level, 5– returned at pre-injury level. Although not reported in other literature, the
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aim of treatment was to enable patients to return to their desired sports at pre-injury levels. All other
activity scores were considered treatment failure.

Statistical Analysis

Statistical analyses were performed using SPSS for Mac version 19.0.0 (IBM, New York, NY, US).
Statistical signi�cance was set at a p-value less than 0.05. The Shapiro-Wilk test was used to evaluate
normality of the distribution of data. Distribution of data was negatively skewed and not normally
distributed (Shapiro-Wilk = 0.009) therefore appropriate non-parametric tests were performed to evaluate
the changes in pain levels.

Median values and interquartile ranges were calculated to compare baseline and follow-up data for VAS
average pain scores, Likert symptom resolution and return to sport scores.

Friedman’s non-parametric test was used to compare within-patient treatment response over time. Post-
hoc Wilcoxon signed-rank tests with Bonferroni corrections were performed to determine VAS average
pain response to treatment over �ve paired time periods (baseline – 4 weeks, baseline – 18 weeks, 4–18
weeks, baseline – 52 weeks, 4 weeks – 52 weeks). The Bonferroni corrected alpha value was (p < 0.01).

Results
Twenty �ve legs of eighteen patients were injected. Of those twenty �ve, seven legs were injected a
second time. For the purposes of data collection, each patient was treated as a whole case rather than
individual legs.

On average, patients reported that post-injection pain took three days to settle. Side effects were not
asked for speci�cally, but there were no self-reported adverse events following injection.

The mean age and duration of symptoms for the patients are summarised in Table 1. Patients reported
previous failed conservative treatment included physiotherapy-prescribed exercises, prescribed or over-
the-counter medication, orthotics, massage therapy, osteopathy, acupuncture and chiropractic
manipulation. Two patients had undergone surgical fasciotomy for diagnosed chronic compartment
syndrome on their affected limbs.

Descriptive Analysis

Data for eighteen patients was available for analysis of treatment effect to medium-term and �fteen
patients to long-term follow-up. Three patients were lost to follow-up and these data points were not
imputed but omitted from long-term analysis.

Medians and interquartile ranges for the three outcome measures are displayed in Table.1. Change in
median VAS average pain score over time is displayed in Figure.2.

Statistical Analysis
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Friedman’s test of the VAS average pain scores to medium-term (mean 18 weeks) reported a Chi-squared
value of 30.3, p < 0.001. There was a statistically signi�cant difference between the mean pain ranks over
time. Therefore, post-hoc analysis was warranted. Friedman’s test was also signi�cant to long-term
follow-up, reporting a Chi-squared value of 27.5, p = < 0.001.

Changes in VAS average pain score rank and p-values for the �ve paired time periods are reported in
Table.2. VAS average pain decreased for 16 patients from baseline to both 4 weeks (p < 0.001) and 18
weeks follow-up (p < 0.001). One patient had an increase in pain at 4 weeks which subsequently
decreased at 18 weeks follow-up and another patient reported no change at 4 weeks and 18 weeks.
Between 4 weeks and 18 weeks after the injection, pain increased in 7 patients (38.8%), decreased in 5
(27.7%), and remained the same in 6 patients (33.3%) (p = 0.405). Between baseline and 52 weeks, pain
decreased in 13 patients (86.7%), remained the same in one patient (6.7%) and increased in one patient
(6.7%) (p = 0.001). Between 4 weeks and 52 weeks, pain decreased in �ve patients (33.3%), remained the
same in 4 patients (26.7%) and increased in 6 patients (40%) (p = 0.322).

After Bonferroni corrections were applied, the change in VAS average pain from baseline to 4, 18 and 52
weeks follow-up were statistically signi�cant (p < 0.01). The changes in VAS average pain from 4 to 18
weeks and 4 to 52 weeks were not signi�cant (p > 0.01).

Discussion
Pain was signi�cantly reduced (p < 0.01) over short, medium, and long-term compared to baseline, with
only two patients not reporting a reduction in VAS average pain over these time periods (Table.2). The
median VAS average pain score improved by 4.5 points at medium and long-term follow-up compared to
baseline, equivalent to a 60% reduction in pain (Table.1).

However, a wider range of pain scores were seen at long-term (Figure.5), in addition to a larger p-value for
average pain reduction, possibly due to the lower statistical power at this stage of follow-up. There was
also a trend for improvement in pain to recede from 4 weeks post-injection, suggesting that pain control
is most effective within the �rst month after administration. This is a potential window of opportunity to
implement other conservative management options that could facilitate long-term pain control.

At 18 weeks (medium-term) follow-up, ten patients (55.5%) reported their MTSS as ‘completely recovered’
or ‘much improved’, indicating treatment success at this stage.[27] Six patients (40%) ful�lled these criteria
at 52 weeks follow-up, which signi�es a potential longer-term decline in treatment effect .

Five patients (27.7%) reported a return to sport at pre-injury levels at medium-term follow-up and four
patients (26.7%) at long-term follow-up. Treatment seems to have a limited effect on this outcome
measure. However, ten patients (55.5%) were active at a desired level or more at medium-term follow-up
and eight (53.3%) at long-term follow-up, which suggests we may have been too stringent in selecting the
treatment success criteria for this outcome measure.
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Conclusion
Dextrose prolotherapy injection was well tolerated and signi�cantly improved pain at short to long-term
follow-up. Adequate symptom resolution and return to sport was achieved at medium-term follow-up and
return to sport was maintained long-term. This pilot study therefore suggests that prolotherapy has a
signi�cant effect on short-, medium- and long-term pain reduction.

Prolotherapy is an effective treatment modality in the management of recalcitrant MTSS thus reducing
the number of patients that may require surgery. This study did not involve any histological sampling to
explain the effect on the tissue. We postulate that 15% glucose acts as an osmotic and chemical irritant
(dehydrating cells) along with damage to tissue through needling causing local trauma and bleeding.
This provokes cascade of in�ammation, proliferation, and re-modelling. The rationale behind
prolotherapy is that injecting proliferants, such as hypertonic glucose solution, into damaged connective
tissue, initiates in�ammation, which leads to a healing cascade resulting in �broplasia, deposition of new
collagen and tissue hypertrophy[25]. It is also possible that prolotherapy improves the mechanical
advantage with improved stability of deep crural fascia junction with medial tibia. Animal studies have
reported collagen proliferation, increased bone-ligament-bone junction strength and ligament mass with
prolotherapy injections compared to controls[26]. The reduction in pain may be due periosteum being
richly innervated with nociceptive nerve �bres[27], therefore in MTSS it is possible that a prolotherapy
injection may reduce pain by disrupting these sensory �bres as a result of the direct osmotic shock action
of hypertonic dextrose on cells local to the injection site[25]. In sport, pain free phase can be effectively
used to provide a platform for early rehabilitation and a window of opportunity to plan return to sport or
physical activity speci�c rehabilitation.

Limitations
As the �rst study investigating this novel injection technique, the use of a non-blinded, case series design
without randomisation or a control group was a pragmatic choice given the di�culties recruiting
participants. Evidence of treatment effect is therefore limited. Despite results showing a signi�cant
treatment effect on pain, the mechanism by which it exerts this effect cannot be determined, and
therefore the possibility of a placebo effect cannot be excluded in addition to the possibility these
patients may have improved with time without treatment.

Given that there are currently no validated scales to speci�cally assess treatment outcomes in EILP
patients, we adapted Likert scales to measure symptom resolution and return to sport. Although Likert
scales are sensitive indicators of clinical trial end points[37], the lack of speci�city could at least partly
explain the limited treatment effect for these outcomes.

CONTEXT

The current literature on the effects of prolotherapy on chronic musculoskeletal conditions is limited. Two
case-series investigating the e�cacy of dextrose prolotherapy injections at reducing pain in other chronic
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musculoskeletal conditions reported mean reductions of 5.3 and 5.0 respectively on 10-cm VAS pain
scales[29, 30]; one study followed patients up at 16 weeks, the other at �nal treatment consultation. A
double-blind randomised controlled trial reported a signi�cant mean pain decrease of 4.6 on a 10-cm pain
scale at 16 weeks from baseline[28]. Pain change in the control group was not signi�cant. These results
are comparable to our study, where a 4.5-point reduction of pain was reported at 18 weeks follow-up. One
study observed patients to long-term follow-up (mean 11.8 months), reporting mean VAS pain reduction
of 5.3 points compared to baseline[30]. Pain reduction was maintained long-term in Ryan et al’s study,
which is similar to the 4-point VAS average pain reduction in our study.

FUTURE STUDIES

Future studies require more robust methodologies including larger participant numbers, a control group or
crossover design, randomisation and, if possible, blinding to improve validity of the results. Adverse
effects should be explicitly sought to permit a more thorough treatment pro�le to be compiled.

VAS average pain data from follow-up and one and two weeks post-injection appear of limited
application regarding treatment direction, with the decision to re-inject patients with suboptimal
symptomatic response coming at four weeks or later. Follow-up at four weeks then monthly may allow
better monitoring of the treatment response over the medium- to long-term and facilitate the decision to
re-inject for those patients whose symptoms have not responded as well as predicted.

With some patients requesting a second injection, it may be prudent to administer more than one
prolotherapy injection per symptomatic leg, re�ecting the protocols of other studies where injections were
administered weekly or monthly, ranging from 2 to 12 injections over the study period[28, 31, 32], or until
complete resolution of symptoms or no improvements were seen[29, 30].
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Tables
Table.1. Median values and interquartile ranges for VAS average pain, symptom resolution and level of
activity.

    Median Interquartile range

VAS average pain score (cm)
0 – no pain
10 – worst pain imaginable

Baseline 7.5 6–8

18 weeks 3 2–4

52 weeks 3 2-4.5

Likert symptom resolution score
1 – completely recovered
6 – much worse

18 weeks 2 2–3

52 weeks 3 2–4

Activity level
1 – not active at all
5 – active at pre-injury level

18 weeks 4 3–5

52 weeks 4 3-4.5

Table.2 Rank data and signi�cance for the Wilcoxon signed-rank tests for VAS average pain. A negative
rank represents an improvement in a patient’s pain over that time period. A positive rank represents
worsening pain over that time period.
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Time period Ranks N p-value

Baseline – 4 weeks
(n = 18)

Negative ranks 16 < 0.001

  Positive ranks 1  

  Ties 1  

Baseline – 18 weeks Negative ranks 16 < 0.001

(n = 18) Positive ranks 0  

  Ties 2  

4 weeks – 18 weeks Negative ranks 5 0.405

(n = 18) Positive ranks 7  

  Ties 6  

Baseline – 52 weeks Negative ranks 13 0.001

(n = 15) Positive ranks 1  

  Ties 1  

4 weeks – 52 weeks Negative ranks 5 0.322

(n = 15) Positive ranks 6  

  Ties 4  

Figures
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Figure 1

Cross section diagram of the leg. Red star marks the target area, anterior to deep crural fascia along the
medial tibia.
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Figure 2

Transverse ultrasound image of the needle position (marked with the red circle/arrow).
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Figure 3

The spinal needle was inserted under ultrasound guidance into the medial tibia and just anterior to start
of the deep crural fascia region under ultrasound guidance.
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Figure 4

Longitudinal USS image showing the needle position. Please note that initially it is at an angle but �nal
position needs to be parallel with the medial tibia at the target site.
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Figure 5

Longitudinal USS image showing the �nal needle position which is positioned parallel with the medial
tibia at the target site.
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Figure 6

After the injection care involved cleansing the skin, applying wound dressing, ice and compression socks.
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Figure 7

Box plot of median and interquartile range VAS average pain scores for the group of patients at follow-up.
* Indicates a potential outlier (number refers to patient number).


