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Introduction

The hallux sesamoids are round shaped bones plan-
tar to the first metatarsophalangeal (MTP) joint 
that distribute weight bearing forces onto the first 
ray and act as a fulcrum to increase the leverage and 
strength of the flexor hallucis brevis tendon (12). Du-
ring ambulation, they provide stability and proper 
alignment of the first MTP joint as the toe pushes 
off the ground, facilitating the windlass mechanism 
to maintain arch stability during gait (26). The se-
samoid complex supports up to 50% of body weight 
during normal gait and more than 300% when pus-
hing off in athletic activity (27, 29). High stress on 
the hallux sesamoids can lead to injury, which can 
be debilitating and detrimental to the performance 
of running and jumping athletes.

Chronic hallux sesamoid pain may result from 
varied pathological conditions including sesamoid-
itis, bone stress injury, fracture non-union, symp-
tomatic bipartite sesamoids, avascular necrosis 

(or osteonecrosis), and advanced degeneration (23). 
Sesamoiditis is a clinical diagnosis which broadly 
refers to pain of either or both (medial and lateral) 
sesamoids, often associated with overuse or repeti-
tive trauma and without evidence of acute fracture 
on plain radiographs. Chronic sesamoiditis if left 
untreated may lead to scarring of the tendons, liga-
ments and capsule of the sesamoid complex, which 
may limit motion of the sesamoids leading to further 
pain and loss of range of motion (26).

Initial management of sesamoid injuries is 
non-surgical with rest, ice, compression, elevation, 
over-the-counter pain medications and activity 
modification (8). Splinting, foot orthotics, sesamoid 
pads and footwear modifications can additionally re-
duce hallux dorsiflexion and off-load the sesamoids 
(4, 6). Physical therapy (PT), taping, first MTP joint 
mobilization, and strengthening of the flexor hallu-
cis muscles can help improve forefoot and sesamoid 
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position, mobility, and function (6, 26). For sesamoid fractures, 
immobilization is often recommended. Cortisone infiltration 
is not typically recommended for sesamoid injuries but can be 
reserved for symptomatic relief in chronic cases (15, 29). 

Non-surgical management of sesamoid injuries has demon-
strated good clinical results with respect to return to activity or 
sport (22, 30). Surgery can be considered for recalcitrant cases 
if non-operative management is unsuccessful. Isolated sesa-
moidectomy is the most common surgical intervention for ses-
amoid pain that has not responded to non-surgical treatment 
(22, 28). Surgical management has demonstrated good clinical 
outcomes and may lead to higher rates of return to play and 
prior activity level (9, 18, 22, 23, 24, 28). 

Active individuals or athletes with chronic sesamoid injuries 
who are not improving with typical non-surgical treatment and 
do not wish to undergo surgical treatment remain challenging 
to treat. Extracorporeal shockwave therapy (ESWT) is an al-
ternative non-operative treatment for many musculoskeletal 
conditions including tendinopathy, plantar fasciopathy, medial 
tibial stress syndrome and other bone conditions (19). There are 
two types of ESWT. Radial shockwave therapy (R-SWT) gener-
ates pressure waves while focused shockwave therapy (F-SWT) 
can generate a higher amplitude positive energy with more 
concentrated energy output. ESWT has been described in the 
treatment of many bone conditions including stress fractures, 
delayed union, non-union, osteonecrosis, and osteoarthritis 
and has shown promising results (1, 5, 7, 10, 17, 31).

The efficacy of F-SWT for chronic hallux sesamoid injuries 
is not well-described in the literature. Therefore, the purpose 
of this report was to describe outcomes of a novel non-surgical 
treatment of F-SWT combined with PT (progressive exercise 
therapy with supportive manual therapy) for management of 
chronic hallux sesamoid mediated pain.

 Materials and Methods 

This case series describes patients identified using a retrospec-
tive chart review to identify individuals seen in a single sports 
medicine clinic from January 2018 to December 2022 with hal-
lux sesamoid mediated pain who elected treatment with F-SWT 
and PT. The Mass General Brigham Institutional Review Board 
approved the study (Approval ID: 2022P003141). Inclusion crite-
ria were: 1) hallux sesamoid injury diagnosed clinically; and 2) 3 
months of pain refractory to non-surgical management. Exclu-
sion criteria included: 1) prior sesamoid surgery, acute fracture, 
infection, arthritis, or inflammatory arthritis; 2) non-sesamoid 
related primary foot and ankle diagnosis; and 3) incomplete or 
missing functional outcome data. 

Imaging studies were reviewed for evidence of MTP joint 
arthritis, osteonecrosis, bone stress injury, stress fracture, 

acute fracture, bipartite sesamoid anatomy, plantar plate in-
jury, bursitis, tendon injury and plantar fasciitis. Bone stress 
injuries are suggested by the presence of bone marrow edema 
within one or both sesamoids. The clinical entity of sesamoiditis 
may be associated with reactive soft tissue changes around the 
sesamoid complex and otherwise equivocal findings on MRI.

The Foot and Ankle Ability Measure Activities of Daily Living 
(FAAM-ADL) and Sport (FAAM-Sport) subscales were collected 
pretreatment and posttreatment to assess functional outcomes. 
The FAAM has been validated for patients with functional im-
pairments from a wide variety of musculoskeletal conditions of 
the foot and ankle (14). Each item on the FAAM is scored on a 
5-point Likert scale. The FAAM-ADL (21 items) and FAAM-Sport 
(7 items) scores range from 0 to 84 and 0 to 32, respectively, with 
higher scores indicating less limitation. The Minimally Clini-
cally Important Difference (MCID) of the FAAM ADL and Sport 
subscales for assessing foot pathology have been reported as an 
improvement of 8 and 9 points, respectively (14).

The F-SWT treatment was performed using a Storz Medical 
Duolith (Storz Medical, Tagerwilen, Switzerland). The shock-
wave treatment protocol was adapted from current practice 
recommendations for treating soft tissue and bone injuries 
(10, 32). Number of sessions, energy flux density and shocks 
per session were determined based on clinical judgement and 
treatment response. Typically, patients with sesamoiditis re-
ceive a minimum of 3 F-SWT sessions performed weekly, using 
a minimum of 1000 shocks at an energy achieving at least 0.15 
mJ applied over the hallux sesamoid complex using clinical 
focusing technique to target application to sites of maximal 
pain. Patients with evidence of bone stress injury typically 
receive a minimum of 1000 shocks titrated up to a minimum 
energy of 0.45 mJ. Clinical focusing was performed without 
local anesthesia and patients were instructed to refrain from 
anti-inflammatory medications during and after treatment as 
this may interfere with the healing response (32). Patients with 
sesamoiditis were allowed to continue activities as tolerated. 
Patients with evidence of bone stress injury, avascular necrosis 
or pain interfering with gait were instructed on specific activ-
ity restrictions. All patients were concurrently prescribed PT 
focusing on hallux MTP joint mobilization and intrinsic foot 
core muscle strengthening (16). Calcium and vitamin D sup-
plementation was recommended.

The PT treatment recommended for patients in this study 
is based on the foot core paradigm which emphasizes intrinsic 
plantar foot muscle strengthening and stabilization of the first 
ray (16, 20). Toe yoga, toe spreading, and foot doming are the 
main exercises (figure 1) (16). Strengthening of the flexor hal-
lucis brevis is achieved with toe yoga. Toe yoga is performed by 
lifting the great toe while maintaining lesser toe contact with 
the ground (1A). This exercise is then reversed, maintain-

Figure 1  
Demonstrations of key foot intrinsic plantar muscle strengtheningh exercises in the physical therapy program including toe yoga (1A), toe spreads (1B), and foot 
doming (1C).
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ing ground contact with the great toe, and extending the lesser 
toes (1A). Toe spreads involve abduction of the toes, strength-
ening the abductor hallucis muscle (1B). The intrinsic plantar 
foot muscles of the medial longitudinal arch are strengthened 
by foot doming. Foot doming is performed by elevating the 
arch of the foot while maintaining great toe contact with the 
ground (1C). Heel raises are performed for calf strengthening. 
These exercises are initially performed in a seated position and 
gradually progressed to standing. Manual joint manipulation 
including axial distraction of the first MTP joint, sesamoid mo-
bilization, dorsal and plantar glides are incorporated to further 
improve mobility.

Median and interquartile range from 25th to 75th percen-
tile (IQR) were calculated to describe demographic and clinical 
characteristics. The Shapiro-Wilk test was performed to test 
the normality of FAAM subscale data and showed significant 
deviation from a normal distribution. Wilcoxon signed-rank 
tests were therefore used to compare FAAM subscale scores 
pretreatment and posttreatment. A two-sided p-value of less 
than 0.05 was considered statistically significant. Statistical 
analysis was performed using STATA Version 16 (StataCorp 
LLC, College Station, TX).

 Results 

Eleven patients with 14 cases of sesamoid injury (3 with bilate-
ral symptoms) were included for analysis. The 11 patients were 
athletes who primarily identified as female (n=7, 63%), median 
age was 30 (IQR: 20.5 to 39.5) years and median BMI was 21.6 

(IQR: 20.7 to 22.5) kg/m2. Ten out of 11 were runners, with four 
of them being marathoners, while one patient was a dancer. Of 
the 14 anatomical locations for treatment, over half involved the 
right foot (n=8, 57%) and 3 patients received bilateral treatment. 
Median symptom duration prior to treatment with F-SWT was 
18.5 (IQR: 12.5 to 42) months.

All 11 patients (14 feet) had clinical findings consistent with 
hallux sesamoid mediated pain. In addition, on MRI evalua-
tion, 3 patients (4 feet) had bipartite sesamoids, 5 patients (7 
feet) had bone stress injuries, and 1 patient (1 foot) had chronic 
osteonecrosis. Demographic and descriptive clinical data are 
presented in table 1.

Median follow-up time was 11 (IQR: 4 to 29) weeks. Patients 
received on average 5.4±2.5 F-SWT treatments at median en-
ergy of 0.25 mJ (IQR: 0.25 to 0.25) for 2000 shocks (IQR: 1500 
to 2500) (table 2). Six of 11 patients (8 feet) with bone stress 
injury or avascular necrosis were advised activity restriction 
during early treatment. Five of 11 patients (6 feet) were allowed 
to maintain weight bearing activities as tolerated during treat-
ment. Five of 11 patients (5 feet) continued to wear foot orthotics 
throughout treatment. Extracorporeal shockwave characteris-
tics and treatment are detailed in table 2. 

Changes in FAAM-ADL were significant from median pre-
treatment score of 63 (IQR: 53 to 74) to 80.5 (IQR 62.5 to 83) 
posttreatment (p=0.0157). Changes in FAAM-Sport subscale 
scores were also significant from median pretreatment score 
of 13 (IQR: 5.25 to 14.75) to 23 (IQR:18.25 to 26) posttreatment, 
(p=0.0009). Eight of 11 (73%) patients and 10 of 14 treatment 
sites (71%) met the MCID in either FAAM-ADL or FAAM-Sport 

Demographic and descriptive clinical information. F=Female, M=Male, BMI=Body mass index, R=Right, L=Left, B/L=Bilateral, PT=Physical Therapy, CSI=Cor-
ticosteroid Injection, AVN=Avascular necrosis, BSI=Bone stress injury.

AGE  
(YEARS)

GENDER
BMI  

(KG/M2)
ACTIVITY

SYMPTOM 
DURATION 
(MONTHS)

SIDE SESAMOID DIAGNOSIS PRIOR TREATMENT

54 F 20,9 Dance 24 R Medial Sesamoiditis + bipartite
Orthotics, PT, CSI, weight 

loss

38 F 30,7 Running 48 R Medial
Sesamoiditis + Chronic 

AVN
Walking boot, dancer's 

pad, PT

33 M 22,4
Running, 

snow-boar-
ding, tennis

56 R
Medial > 
lateral

Sesamoiditis Rigid shoe

41 F 19,6 Running 18 R Not specified Sesamoiditis Dancer's pad, CSI

20 F 22,4 Running 12 B/L Medial
R: Sesamoiditis + BSI Walking boot, orthotics, 

PT, bone stimulatorL: Sesamoiditis + BSI

30 F 21,3
Running, 
Cycling

20 B/L Medial

L: Sesamoiditis + 
bipartite Walking boot, dancer's 

pad, CSI, PTR: Sesamoiditis + 
bipartite

52 F 23,6 Running 11 L Medial Sesamoiditis
Orthotics, dancer’s pad, 

PT, CSI

21 M 21,6 Running 14 B/L
Medial> 
lateral

R: Sesamoiditis + bipar-
tite + BSI Walking boot, orthotics, 

bone stimulator
L: Sesamoiditis + BSI

16 M 19,8
Downhill ski-
ing, running

17 R Medial Sesamoiditis + BSI
Dancer's pad, rigid shoe, 

orthotic

27 F 22,6 Running 60 L Medial Sesamoiditis + BSI PT, orthotics

19 M 20,5 Running 3 L Medial Sesamoiditis + BSI
PT, orthotics, bone 

stimulator

Table 1
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subscales; 5 of the 14 (36%) met MCID criteria for both sub-
scales. The descriptive data and functional outcome measures 
are reported in table 3.

There were no reported adverse effects related to treatment. 
One patient (54 F) elected to receive medial hallux sesamoid-
ectomy following treatment despite functional improvement. 
Another patient (21 M) had clinically significant decrease in 
FAAM-ADL despite clinical notes reported mild improvement 
in pain but pain with running.

 Discussion 

The results of this study demonstrate that F-SWT combined 
with PT contributed to functional gains in an athletic popula-
tion and may be an effective method to treat hallux sesamoid 
pain as both the FAAM ADL and the FAAM Sport improved 

significantly. Perhaps even more notable was that over 70% of 
treatment sites demonstrated clinically relevant improvement 
in at least one of these scales, as measured by the MCID. F-SWT 
was well tolerated by all patients without adverse events.

Non-operative treatment of hallux sesamoid injuries has 
demonstrated similar return to activity rates compared to 
surgery, with the systematic review by Robertson et al noting 
86% return to activity following non-operative treatment and 
95% following surgery (22). Unfortunately, a high percentage of 
patients report persistent pain and 10 to 30% of patients eventu-
ally convert to hallux sesamoidectomy (22, 30). Patient reported 
outcomes following hallux sesamoidectomy have demonstrated 
high patient satisfaction and return to pre-injury level of ath-
letic activity (2, 23, 28). 

Despite evidence in the literature suggesting better out-
comes with surgery, some athletic individuals choose to 

Focused extracorporeal shockwave treatment characteristics and activity restrictions. ESWT=extracorporeal shockwave therapy, mJ=millijoules, F=female, 
M=male, R=right, L=left.

PATIENT SIDE TYPE OF ESWT
# OF TREAT-

MENTS
TOTAL # OF 

SHOCKS
MINIMUM 

ENERGY (MJ)
MAXIMUM 

ENERGY (MJ)
ACTIVITY RESTRICTION

54 F R Focused 4 2000 0,25 0,3 Continue orthotics

38 F R Focused 3 3000 0,25 0,3 Offload with crutches, no running

33 M R Focused 4 1500 0,25 0,25 None

41 F R Focused 6 1000 0,15 0,15 None

20 F
R Focused 6 2500 0,35 0,55 Non-weight bearing with crutches

L Focused 6 2500 0,25 0,45
Protected weight bearing with pneumatic 

boot

30 F
R Focused 4 1000 0,25 0,25 None

L Focused 4 1000 0,25 0,25 None

52 F L Focused 4 1500 0,25 0,25 Continue orthotics with dancer’s pad

21 M
R Focused 4 2000 0,2 0,5 No running

L Focused 4 2000 0,2 0,5 No running

16 M R Focused 5 2500 0,35 0,55 No running, custom orthotic

27 F L Focused 7 3000 0,35 0,55
No running, cushioned shoe for cycling, 

orthotics

19 M L Focused 12 2000 0,25 0,25 No running or cycling, custom orthotic

Table 2

Functional outcome data. F=Female, M=Male, R=Right, L=Left, FAAM=Foot and Ankle Ability Measure, ADL=Activities of Daily Living. *=met Minimally Clinically 
Important Difference (MCID), which is defined as a difference of 8 in the FAAM-ADL score or a difference of 9 in the FAAM-Sport score. ^=Unable to achieve 
MCID due to pre-treatment scores > 76 in the FAAM-ADL score or > 23 in the FAAM-Sport score.

PATIENT
FAAM-ADL SCORE FAAM-SPORT SCORE FOLLOW-UP 

PRE-TREATMENT POST-TREATMENT PRE-TREATMENT POST-TREATMENT PERIOD (WEEKS)

54 F 56 70* 9 18* 4

38 F 52 61* 13 19 4

33 M 65 67 18 26 3

41 F 68 79* 14 30* 22

20 F 13(R) 13(L) 83(R)* 83(L)* 0(R) 0(L) 24(R)* 24(L)* 23

30 F 76(R) 76(L) 84(R)* 83(L) 4(R) 4(L) 20(R)* 22(L)* 35

52 F 35 41 15 9 5

21 M 61(R) 61(L) 52(R) 53(L) 13(R) 13(L) 15(R) 15(L) 3

16 M 78 83^ 16 26* 11

27 F 80 83^ 12 30* 46

19 M 66 82* 20 26 47

Table 3
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exhaust non-operative alternatives and are hesitant to consider 
surgical options to avoid risks and extended recovery associat-
ed with surgery. Feared surgical complications include infec-
tion, development of hallux valgus or varus deformity, loss of 
range of motion, disruption of the windlass mechanism, and 
great toe flexor weakness, which may alter biomechanics of 
push-off and gait (3, 9, 18, 28). One of the main advantages of 
ESWT treatment in athletes is that they can often participate 
in training or competition if pain is tolerated and has a min-
imal risk profile (21). Physical therapy foot core exercises are 
implemented with ESWT to strengthen intrinsic plantar foot 
muscles important to gait mechanics and functional stability 
of the foot (11, 16, 20).

Our results are comparable with the two prior reports inves-
tigating the use of R-SWT for hallux sesamoid disorders (25, 33). 
Saxena et al reported on 10 patients who received R-SWT and 
90% of participants had partial or full relief of symptoms with 
average return to activity at 10 weeks (25). Notably, only 30% of 
subjects were able to continue with their activity during treat-
ments without cessation due to limitations from symptoms (25). 
In the case report by Thompson et al, one patient with chronic 
sesamoid osteonecrosis underwent 8 sessions of R-SWT with 
resolution of symptoms at the end of treatment (33). He subse-
quently underwent a 12-week rehabilitation program and was 
able to return to sport. At 1 year follow up, his pain had not re-
turned (33). Our study did not evaluate time to return to activ-
ity, but our study finding suggests that most patients improved 
as demonstrated by FAAM subscale scores. Roughly half (5 of 
11) of the patients in our study were not restricted from athletic 
activities during treatment. This can be quite impactful during 
the sporting season, especially when there are not opportuni-
ties for an athlete to miss training or competitive sessions. The 
remaining half of patients (6 of 11) with bone stress injury or 
avascular necrosis were recommended activity restriction or 
offloading during initial treatment and high impact activities 
were gradually introduced in physical therapy.

A multitude of hallux sesamoid pathologies may be amena-
ble to treatment with ESWT and foot core PT as demonstrated 
by the results of our study and the two previously mentioned 
studies. Both focused and radial ESWT have been well de-
scribed in the treatment of soft-tissue pathology. F-SWT has 
been proposed as effective treatment for bone conditions such 
as stress fractures, nonunion fractures, and osteonecrosis. 
F-SWT allows for higher flux energy density proposed to pro-
mote osteogenesis, bone remodeling, periosteal bone formation, 
reduce inflammation, and neovascularization (13, 32, 34, 35, 
36). Because ESWT targets multiple structures in the sesamoid 
complex including bone, ligaments, capsule and tendons, com-
bining radial and focused ESWT may be most effective. Howev-
er, this should be substantiated by future larger trials.

While this case series represents the first report describing 
outcomes using F-SWT and PT for hallux sesamoid injuries, 
there are several limitations in this study. First, we did not have 
a control group, and therefore, we could not measure the rel-
ative influence of F-SWT and PT compared with time alone. 
Nonetheless, given the long duration of symptoms (median 
18.5 months), it would be less likely that time itself contributed 
to recovery in these patients. Second, because we treated the 
patients with F-SWT, foot core exercises, and manual therapy, 
we cannot fully account for relative influence of these treat-
ments to outcomes observed. Third, we had a small sample size 
composed of an athletic population, and thus, the findings of 
this study may not be generalized to other populations. Lastly, 
because median follow-up was 11 (IQR: 4 to 29) weeks, we could 

not confirm how long the effect of our treatment would last. 
Future randomized controlled trials with long term follow-up 
would be needed to clarify optimal treatment protocol using 
ESWT and PT for this condition. 
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Hallux sesamoid injuries are a source of foot pain that can limit 
those who are physically active due to pain and loss of function. 
The aim of this report is to describe outcomes in using focused 
shockwave therapy (F-SWT) combined with physical therapy to 
improve pain and function.

In a population of 11 athletes with 14 chronic hallux sesamoid 
injuries (symptoms >3 months) we observed that 8 of 11 athle-
tes had measurable gains in function using the foot and ankle 
ability measure for sport and/or activities of daily living. While 
the study is limited by small cohort of athletes and study design, 
these results suggest F-SWT combined with physical therapy 
may be a reasonable treatment option for chronic hallux sesa-
moid injuries.

Summary Box
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