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Article

Introduction

The anatomy of the tibial and fibular sesamoid bones is 
complex. They are 2 small bones of the first metatarsopha-
langeal joint (MTPJ1) housed within 2 grooves on the 
plantar surface of the metatarsal head.2 The bones can be 
found embedded in the medial and lateral heads of the 
flexor hallucis brevis (FHB) tendon, which continues past 
the sesamoids to insert on the proximal phalanx at the tibial 
and fibular phalangeosesamoid ligaments.20 The metatarsal 

crista protrudes from the plantar metatarsal head to sepa-
rate the 2 grooves and is believed to assist in preventing 
subluxation of the sesamoids.2,3 An association is main-
tained between the 2 sesamoids by the intersesamoid liga-
ment (ISL), directly plantar to which the flexor hallucis 
longus (FHL) passes. There are no direct attachments 
between the sesamoids and the FHL. Insertions from the 
abductor and adductor hallucis tendons are also made on 
the tibial and fibular sesamoids.10 The size of the medial 
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Abstract
Background: Quantifying normal sesamoid movement in relation to first metatarsophalangeal joint (MTPJ1) motion is 
essential to identifying aberrant kinematics and understanding how they may contribute to forefoot pain and dysfunction. 
The present study aims to report sesamoid displacement in relation to MTPJ1 extension and to compare sesamoid 
displacement with MTPJ1 range of motion (ROM) from several imaging modalities.
Methods: Using 10 fresh frozen cadaveric feet, sesamoid displacement was evaluated during simulated MTPJ1 extension. 
The ability of 3 MTPJ1 measurement techniques (goniometry, fluoroscopy, and unloaded cone beam computed tomography 
[CBCT]) in predicting sesamoid displacement were compared. Kinematics were expressed in a coordinate frame based on 
the specimen-specific first metatarsal anatomy, and descriptive statistics are reported.
Results: In the sagittal plane in both neutral and maximally extended positions, the tibial sesamoid was located on average 
more anteriorly than the fibular sesamoid. The angular displacement of the tibial and fibular sesamoids in the sagittal plane 
were 30.2 ± 14.3 degrees and 35.8 ± 10.6 degrees, respectively. In the transverse plane, both sesamoids trended toward 
the body midline from neutral to maximum extension. The intersesamoidal distance remained constant throughout ROM. 
Of the 3 measurement techniques, MTPJ1 ROM from CBCT correlated best (R2 = 0.62 and 0.81 [P < .05] for the tibial 
and fibular sesamoid, respectively) with sagittal plane sesamoid ROM.
Conclusion: The sesamoids were displaced anteriorly and medially in relation to increasing MTPJ1 extension. CBCT was 
the most correlated clinical imaging technique in relating MTPJ1 extension with sesamoid displacement.
Clinical Significance: This study advances our understanding of the biomechanical function of the sesamoids, which is 
required for both MTPJ1 pathology interventions and implant design. These findings support the use of low-dose CBCT 
as the information gathered provides more accurate detail about bone position compared with other imaging methods.
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and lateral sesamoid bones are roughly 0.62 cm2 and 0.82 
cm2, respectively.8 A sufficient understanding of sesamoid 
anatomy is important to appreciate structures that are asso-
ciated with their movement.

The sesamoids have a number of functions within the 
forefoot. They provide mechanical advantage to MTPJ1 
through their position within the FHB tendon. Particularly 
in the push-off portion of gait, the sesamoids contribute to 
additional flexor strength by increasing the moment arm of 
the plantarflexors.24 During normal gait, as much as 80% of 
bodyweight is transferred through the MTPJ1.21 The sesa-
moids therefore also play an important role in both distrib-
uting weight from the force that the metatarsal would 
otherwise bear through its articulation on the metatarsal 
head29 and offer protection to the FHL tendon that lies 
between the sesamoid grooves.31

The sesamoids are difficult bones to study using avail-
able imaging modalities because of their small size and 
location in a dense region at the MTPJ1. Current methods of 
observation include radiographs, ultrasonography, com-
puted tomography (CT), and magnetic resonance imaging 
(MRI). Historically, clinical assessment has been from the 
tangential view of radiographs, which requires multiple 
images and extension of MTPJ1 to obtain an unobstructed 
sesamoid view.1,17,32 Ultrasonograph presents similar diffi-
culty with obstruction of view, but does have the benefit of 
showing real-time, dynamic motion of the bones. MRI and 
CT can both provide valuable 3D information but are asso-
ciated with increased imaging times, costs, and radiation 
concerns for CT. It is also difficult to obtain physiological 
loading with MRI and CT scanners. However, low-dose 
cone beam CT (CBCT) scanning is becoming an increas-
ingly available and standard clinical tool, alleviating some 
of the financial concerns while maintaining sensitive detec-
tors with associated advanced reconstruction algorithms for 
more precise imaging at lower radiation doses to patients, 
all the while allowing for physiologic weightbearing.15,18,33

Because of their close association, it is important to 
understand the movement of the sesamoids in relation to 
MTPJ1 motion to gain a complete understanding of MTPJ1 
and its associated pathology. It is known that sesamoid posi-
tion has a connection with several forefoot pathologies.7,13,23 
A baseline analysis of normal displacement in relation to 
MTPJ1 motion is essential in understanding and identifying 
pathologic sesamoid movement. Regardless of imaging 

modality, if sesamoid displacement is observed, a clinician 
must know if that displacement is normal or not in order to 
include or exclude pathologic sesamoid displacement as part 
of a differential diagnosis.

The most detailed description of the sesamoids’ posi-
tions in relation to MTPJ1 position is given by Jamal et al,11 
who found that in the sagittal plane they move anteriorly 
when MTPJ1 is extended from neutral. In the transverse 
plane through extension, the authors found a lateral excur-
sion of both sesamoids. However, it is exceedingly difficult 
to quantify these data without considering the limitations in 
the testing procedures. Data in this study were acquired 
from the dissected MTPJ1s of embalmed cadavers and a 
coordinate measurement machine probe, which required a 
capsulotomy to access the sesamoids.

The primary aim of this study was to establish normative 
sesamoid displacement as it relates to simulated MTPJ1 
extension. This was completed using high-resolution 3D 
scans of the sesamoids while maintaining the integrity and 
physiology of the MTPJ1. The secondary aim was to cor-
relate the observed sesamoid displacement established in 
the primary aim with 3 clinical techniques of establishing 
MTPJ1 range of motion (ROM) including goniometry, fluo-
roscopy, and unloaded CBCT scanning. The information 
gained from this secondary aim may provide clinicians the 
ability to infer sesamoid displacement from information 
captured from MTPJ1 ROM for ease of diagnosing sesa-
moid pathologies in the future.

Materials and Methods

Ten fresh frozen cadaveric foot specimens (age: 45.0 ± 
18.7 years; 4 female, 6 male; 2 paired, 6 unpaired) tran-
sected approximately 12 cm proximal to the ankle joint 
were obtained from accredited tissue banks (Innoved 
Institute, LLC, Elk Grove Village, IL and Lonetree Medical 
Donation, Centennial, CO). Specimens were thawed at 
room temperature overnight and screened for gross defor-
mities, abnormal bony alignment at the MTPJ1, and bipar-
tite sesamoids using preliminary fluoroscopy and CT scans. 
Normal foot alignments were confirmed by an orthopaedic 
surgeon by reviewing the imaging data (T.K.). Specimens 
were stored at –20 °C.

MTPJ1 ROM was determined via a goniometer. With the 
foot held in a standing position, an orthopaedic surgeon 
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(T.K.) pushed superiorly on the plantar hallux until the nat-
ural limit of extension was encountered. The goniometer 
was centered at MTPJ1 and its arms aligned with the long 
axes of the first metatarsal and proximal phalanx. The angle 
of maximum extension was recorded as ROM, as is reported 
clinically.35 Next, each foot was imaged with a Philips 
BV-Pulsera fluoroscope (12″ image intensifier, 0.293 mm/
pixel) from a lateral view with the foot in neutral and the 
MTPJ1 in neutral and maximum extension. Force was 
directly applied to the extensor hallucis longus tendon to 
obtain the second position. A single rater (M.F.) made one 
angular measurement from the images using a custom-
designed angle measurement tool in MATLAB (R2018a, 
MathWorks, Natick, MA). The standardized technique 
described by Shereff was implemented to obtain MTPJ1 
angles from each image.14 The neutral angle was subtracted 
from the maximum extension angle to calculate ROM.

Each of the 9 extrinsic ankle tendons were then dissected 
to approximately 3 cm above the ankle joint. Sutures were 
tied with a Krackow stitch (Ethilon No. 2 monofilament; 
Ethicon, Cornelia, GA) on the proximal end of the Achilles, 
extensor digitorum longus, extensor hallucis longus, pero-
neal longus, peroneal brevis, and tibialis posterior tendons, 
although only the extensor hallucis longus tendon was 
loaded in these experiments. The tibial and fibular shafts 
were denuded of tissues approximately 6 cm proximal to 
the ankle joint, and solid polyester resin cylinders were cast 
around the bones to provide a uniform interface to the bio-
mechanical testing frame. The frame was assembled from 
acrylic and functioned to stabilize the specimen in a single 
pose through the duration of the scan. Metal that was used 
for clamping specimens into position was arranged far from 
the MTPJ1 to reduce X-ray scatter in the area of interest 
(Figure 1).

Figure 1. Specimen loaded in minimally attenuating plastic frame in CBCT scanner in neutral position and in maximum extension 
(yellow arrow) achieved through clamping a suture (red arrow) attached to the extensor hallucis longus. CBCT scan samples and the 
Shereff MTPJ1 angle measurement technique14 are demonstrated from each pose. CBCT, cone beam computed tomography.
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Each specimen was placed in the loading frame and was 
scanned in 3 configurations (neutral and maximum exten-
sion, plus an intermediate position) using a pedCAT CBCT 
scanner (voxel size = 0.3 mm isotropic; CurveBeam, 
Hatfield, PA). Neutral position was scanned and MPTJ1 
angle was measured in MATLAB on a simulated lateral 
radiograph generated from the 3D CBCT data in CubeVue 
software (CubeVue, Hatfield, PA). This ensured a true lat-
eral image that would be minimally affected by out-of-plane 
measurement errors. The MTPJ1 was then maximally 
extended by pulling on the extensor hallucis longus tendon, 
allowing the tendon to stretch to the natural limit of exten-
sion. The tendon suture line was clamped to maintain ten-
sion during the scan (Figure 1). MTPJ1 angles for maximum 
extension were measured in the same manner as in neutral 
position, and the neutral angle was subtracted from the 
maximum angle to calculate ROM from the CBCT. 
Specimens were returned to the freezer at –20 °C.

Specimens were thawed for a second time to determine 
the repeatability of the measurements. MTPJ1 angles from 
anonymized copies of 10 feet were remeasured using both 
the fluoroscopic and CBCT modalities, in both neutral and 
maximum extended positions. Measurements at both time 
points were repeated 3 times, and an intraclass correlation 
coefficient (ICC(A,1)) analysis was performed in order to 
quantify repeatability of the rater’s measurement of MTPJ1 
angles in the custom MATLAB software.

The sesamoids and first metatarsals were segmented 
from the CBCT scan volumes in Mimics (version 21, 
Materialise, Leuven, Belgium) in the neutral position. Bone 
kinematics between subsequent scans were determined via 
volumetric image registration in custom MATLAB soft-
ware for each segmented bone (metatarsal, medial sesa-
moid, lateral sesamoid). Sesamoid kinematics were 
expressed as the position of each bone’s center of mass in a 
coordinate frame based on the first metatarsal anatomy. 
This anatomy naturally lends itself to a cylindrical coordi-
nate system with the capacity to account for metatarsal 
heads of varying sizes and shapes. A cylinder was fit to the 
manually selected distal metatarsal head’s surface of articu-
lation with the proximal phalanx (Figure 2). This cylinder 
defined an anatomical medial-lateral joint axis at the distal 
metatarsal. It was equally divided into a medial and lateral 
compartment as a simple means of normalizing size differ-
ences across specimens. In the sagittal plane, sesamoid 
position is expressed in the polar coordinate system cen-
tered at the medial-lateral axis. Using the circumference of 
the best-fit cylinder, 90 degrees was defined as the position 
parallel with the metatarsal diaphysis and 0 degrees was set 
orthogonal to this point in the plantar direction (Figure 3A). 
Sesamoid excursion in the transverse plane was reported as 
a percentage of their respective compartments’ width, with 
0% as the division down the diaphysis of the metatarsal 
(determined by the center of the medial-lateral division of 

the first cylinder) and 100% as the maximum width of the 
sesamoid’s respective compartment (Figure 3B).

All comparisons of means were descriptive in nature. 
Apparent ROM of the MTPJ1 in each modality was cor-
related with the sesamoid ROM in the sagittal plane 
using Pearson correlation coefficient (statistical signifi-
cance P < .05).

Results

Our cadaveric testing rig produced physiological sesamoid 
bone movement that we were able to quantify with the 
CBCT and custom software. Displacement was observed in 
both sesamoids in all specimens. In the sagittal plane in a 
neutral position, the angle of the tibial sesamoid was greater 
on average than the fibular sesamoid, indicating that the 
tibial sesamoid rotated further anteriorly than the fibular 
(Table 1, Figure 3A). At maximum extension, the angle of 
the tibial sesamoid was again greater than that of the fibular 
sesamoid. From neutral to maximum extension, the ROM 
of the tibial and fibular sesamoids were 33.2 ± 10.7 degrees 
vs 35.8 ± 10.6 degrees, respectively. In the transverse 
plane, both sesamoids trended medially from neutral to 
maximum extension (Table 1, Figure 3B). The distance 
between the tibial and fibular sesamoids remained constant 
throughout ROM (Table 1, transverse excursion).

MTPJ1 angular measurements were consistent with intr-
arater scores of absolute agreements of ICC(A,1) = 0.95 for 
fluoroscopy and ICC(A,1) = 0.98 for CBCT. Comparison 
of ROM of MTPJ1 measured from 3 different modalities to 

Figure 2. Cylinders were fit to each metatarsal head to create 
an anatomically based patient-specific coordinate system for 
sesamoid movement tracking.
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sagittal sesamoid ROM resulted in an R2 of 0.13 and 0.05 
with the goniometer, 0.13 and 0.29 in fluoroscopy, and 0.62 
and 0.81 in CBCT for the tibial and fibular sesamoids, 
respectively (Figure 4); only the CBCT correlations were 
significant (P < .05). Descriptively, MTPJ1 ROM of each 
specimen obtained from the CBCT trials (range: 23.8-60.2 
degrees, average 39.4 degrees) were greater than via fluo-
roscopy (range: 24.8-50.0 degrees, average 34.9 degrees) 
and both CBCT and fluoroscopy ROM differed from ROM 
calculated via goniometer (range 65-94 degrees, average 
74.5 degrees).

Discussion

Through the use of an anatomically based, specimen-spe-
cific coordinate system, we successfully completed the 

primary (establish normative sesamoid displacement as it 
relates to simulated MTPJ1 extension) and secondary (cor-
relate the observed sesamoid displacement established in 
the primary aim with 3 clinical techniques of establishing 
MTPJ1 ROM) aims of this study. Notably, we were able to 
use fresh frozen cadavers with unaltered MTPJ1s. This 
allowed us to gather data in a fashion most congruent with 
physiologic position, allowing for application to future 
clinical evaluation.

In the sagittal plane, we found the sesamoids rotate 
anteriorly around the natural cam shape of the distal meta-
tarsal head. The tibial sesamoid was positioned at a greater 
angle on average than the fibular at both neutral and maxi-
mum extended positions. This suggests tibial sesamoid 
natural position is more distal on the metatarsal head than 
the fibular sesamoid. The total sagittal displacement of 

Figure 3. (A) Average tibial and fibular sesamoid position in sagittal plane (left foot, lateral view), defined as an angular position on a 
cylinder fit to the metatarsal head. The position parallel to the metatarsal diaphysis was defined as 90 degrees. In this plane, sesamoids 
rotated anteriorly on the head of the metatarsal with extension. (B) Cylinder fit over the metatarsal diaphysis was divided down the 
center (left foot, inferior view). The division was defined as 0% of the compartment, and the maximum compartment widths in the 
tibial and fibular directions were defined as 100%. Average sesamoid position in the transverse plane is reported as a percentage of 
its respective compartment. With extension, medial movement of both sesamoids is observed. Marker size demonstrates standard 
deviation.

Table 1. Sesamoid Position as a Function of MTPJ1 Flexion in Sagittal and Transverse Plane.

SAGITTAL Angular Excursion TRANSVERSE Excursion

MTPJ1 Position Tibial (degrees) Fibular (degrees) Tibial (%) Fibular (%)

NEUTRAL 20.4 ± 5.4 5.3 ± 4.5 37.3 ± 14.2 80.0 ± 13.9
INTERMEDIATE 38.0 ± 5.7 22.7 ± 5.3 38.3 ± 12.8 77.0 ± 12.1
MAXIMUM 

EXTENSION
53.6 ± 5.4 41.1 ± 8.9 46.0 ± 18.7 69.8 ± 14.2

Abbreviation: MTPJ1, first metatarsophalangeal joint.
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each sesamoid was similar (Figure 3A). However, a previ-
ous paper reported a greater displacement of the tibial sesa-
moid than the fibular.11 This difference in findings could be 
due to the embalming fluids or capsulotomies performed in 
the prior experiment, which may have altered the biome-
chanical integrity of the joint.

In the transverse plane, we found the distance between 
the sesamoids remained constant. Prior studies found that 
the fibular sesamoid had a greater overall excursion, sug-
gesting that the sesamoids got further apart from one 
another in extension.11 Again, methodologic differences 
could explain this, but without body weight loading in our 

Figure 4. A comparison of the (A) tibial and (B) fibular sesamoid ROM with the ROM achieved from 3 different modalities: 
goniometer, fluoroscopy, and CBCT. Of the 3 imaging modalities, MTPJ1 ROM from CBCT was best correlated with sesamoid ROM. 
CBCT, cone beam computed tomography; MTPJ1, first metatarsophalangeal joint; ROM, range of motion.
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study, it is also possible that the ISL maintained fixed dis-
tance between the bones. There are reports of ruptured ISL 
that resulted in lateral displacement of the fibular sesamoid, 
and a resulting increased intersesamoid distance,4,5 but our 
loading magnitudes and duration were too low to strain this 
ligament or induce viscoelastic creep, resulting in a near 
constant intersesamoid distance.

Although we observed medial displacement of the ses-
amoids with increasing MTPJ1 extension, we believe that 
limitations of our methods and coordinate system defini-
tions may have confounded our results. Brenner et al3 
demonstrated that the crista is deviated on the longitudi-
nal axis of the metatarsal head 7.99 degrees on average 
toward the lateral side of the metatarsal. With force 
applied and this bony boundary guiding the direction of 
the sesamoids, it is logical that the sesamoids follow this 
angle and move laterally. By fitting a cylinder to the head 
as part of our coordinate system, we created an artificial 
tilt in the coronal plane to the axis relative to the natural 
path of the sesamoids (Figure 5). With a tilted axis, as the 
sesamoids moved anteriorly with extension, a component 

of the motion was captured as artificial medial displace-
ment of the bones. Additionally, rather than using the 
crista as a natural division, we created 2 artificial com-
partments to report medial-lateral sesamoid excursion by 
simply dividing the cylinder we fit to the head of the 
metatarsal in half (Figure 3B).

In relation to our secondary aim, we found that by using 
measurements from CBCT, we could best correlate sesa-
moid displacement with MTPJ1 extension. This correlation 
was stronger than that seen in the other 2 modalities of goni-
ometry and fluoroscopy, which may support the transition 
to CBCT for studies of even the smallest bones in the foot 
and ankle. There has already been some use of CBCT in the 
evaluation of pathologic sesamoids,13,16 but since its estab-
lishment, CBCT has been used mainly to examine the larger 
bones of the foot and ankle. Compared with radiographs, 
CBCT has shown to allow better visualization of the foot 
without inaccuracies in bone projection and better detection 
of correct bone angles.25 CBCT should be considered in the 
future of clinical sesamoid evaluation.

One must consider the radiation exposure when choos-
ing CBCT as the imaging modality for sesamoid visualiza-
tion. Ludlow and Ivanovic concluded that effective dose 
for CT imaging is equivalent to just a few hours of back-
ground radiation, is negligible, and should not be consid-
ered in the decision to use CBCT.19 Although planar 
radiographs involve even less dosage, they require multiple 
exposures to visualize the sesamoids, limiting that advan-
tage. Ultrasonography, with no radiation dosage, has been 
shown capable of detecting symptomatic sesamoids,28 and 
analyzing the position of the sesamoids in relation to pain 
in hallux valgus38; however, the more detailed and accurate 
information gained from the 3D CBCT images like com-
plete bone morphology and assessments of bone quality 
should promote it to the optimal imaging technique, despite 
its higher radiation dosage.

This study was not without its limitations. First, as men-
tioned, in creating a coordinate system to report sesamoid 
location, a cylinder was fit to the shape of the metatarsal 
head. As a result, data are reported about the metatarsal head 
as the angular component of a polar sagittal coordinate. 
Although this better accounts for the eccentric orbit of the 
sesamoid about the cam-shaped metatarsal head in the sagit-
tal plane, biological variation across specimens violates 
these geometric simplifications to some degree. Second, in 
comparing MTPJ1 ROM between different modalities, we 
used different methods of achieving maximum extension 
and used different calculations for ROM estimates. In the 
goniometric measurements, force was applied directly on 
the plantar great toe to generate extension. In the CBCT and 
fluoroscopic trials, maximum extension was obtained by 
pulling the extensor hallucis longus tendon at maximum 
resistance. Pulling on the tendon may have provided a 
mechanical advantage in the CBCT or fluoroscopic trials 

Figure 5. The medial-lateral axis of our coordinate system 
is defined based on a cylinder fit to the metatarsal head and 
is tilted in the coronal plane relative to ground. Furthermore, 
this axis is not normal to the foot sagittal plane defined by the 
ankle. With a tilted axis, as the sesamoids move anteriorly with 
extension, a component of their motion is captured as artificial 
medial displacement of the bones.
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that was not achieved in the goniometric trials. Third, the 
MTPJ1 ROM of the goniometric trials differs greatly from 
the other trials because the neutral position was not sub-
tracted from maximum extension, making a direct compari-
son difficult but maintaining consistency with measurements 
and methods used clinically35 (Figure 4). Fourth, other vari-
ability between the ROM measurement methods could be 
due to the poor reliability of goniometers12,30,35,37 or incon-
sistent positioning of the ankle between trials. Fifth, in 
obtaining specimens for this study, some of the legs came 
paired, which may have confounded some results. Moreover, 
we did not explore the effect of sex in our analysis. Finally, 
we had to exclude 2 specimens because they contained 
bipartite sesamoids that would have made bone tracking dif-
ficult. As reports of congenital sesamoid absences are rare6,9 
and only occasional occurrences of bipartite sesamoids 
exist,10 we feel that our results are still representative of the 
general population. Although our findings allow a general 
understanding of sesamoid kinematic through analysis of 
their displacement, these conditions are not entirely physio-
logical as trials were unweighted. Future studies will use 
CBCT to examine sesamoid kinematics in weighted posi-
tions, simulating physiological forces exerted on the sesa-
moids, and biplane fluoroscopy for dynamic tracking of the 
sesamoid function during gait.

There are several aspects of this study that are of clinical 
significance. Generally speaking, to identify pathologic dis-
placements of the sesamoids, it is essential to first under-
stand normal displacement. This study provides that basis. 
From there, clinicians can begin to address how aberrant 
displacement of the sesamoids may contribute to forefoot 
pain and dysfunction. There are several well-known pathol-
ogies of the forefoot that may be associated with aberrant 
sesamoid displacement, but with limited analysis. Roddy 
and Menz reported that the MTPJ1 is the most common site 
of osteoarthritis (OA) in the foot.26 Further, Van Saase et al 
and Wilder et al reported at least a 20% prevalence of OA at 
MTPJ1 in individuals older than 45 years.34,36 Radiographic 
findings have shown that osteophyte formation and joint 
space narrowing is common in patients with MTPJ1 OA.22 
The failure of the sesamoids to rotate forward on the head 
of the metatarsal during the push-off portion of gait could 
leave the metatarsal head susceptible to injury. Knowledge 
of normal rotation as demonstrated here will allow clini-
cians to identify poor rotation in the future. The sesamoids 
are also involved in hallux valgus deformities, where they 
are shifted laterally relative to the metatarsal; however, this 
is a static finding, and dynamic sesamoid movement has not 
yet been studied in relation to hallux valgus development. 
The system we have developed for calculating sesamoid 
kinematics from CBCT scans has the capacity to detect 
small multiplanar movements, and in the future could be 
used to better quantify sesamoid position in hallux valgus 
patients and applied to diagnosing other pathologies.

The results of our study may help to inform the develop-
ment of MTPJ1 implants that are sesamoid-preserving and 
further improve joint replacement outcomes. Schneider and 
colleagues showed that more anatomically minded MTPJ1 
replacement designs resulted in better postreplacement 
MTPJ1 ROM in cadaveric specimens.27 Advanced informa-
tion on normal sesamoid tracking can allow for the develop-
ment of novel implant designs to better represent normal 
anatomy at the MTPJ1 by including accurate sesamoid dis-
placement. Further, extending these techniques to other 
pathologic populations, for example, hallux rigidus, might 
also provide insight into which patients should be fused, 
and which are candidates for a total joint replacement.

In conclusion, we reported sesamoid displacement in rela-
tion to MTPJ1 extension demonstrating anterior and medial 
sesamoid movement with increasing extension. Secondarily, 
we correlated sesamoid displacement with 3 clinical tech-
niques of establishing MTPJ1 ROM and determined that 
CBCT was the most correlated technique to relate toe exten-
sion to sesamoid displacement. Quantitative data of the nor-
mal motion of sesamoids are necessary to understand how 
abnormal or diminished kinematics may contribute to forefoot 
pain, yet these data are scarce. As CBCT scanners become 
more common, we should strongly consider using them in the 
diagnosis of toe pathology relating to the sesamoids. These 
data will provide an accurate understanding of the normal dis-
placement of the sesamoids and advance our understanding of 
their biomechanical function. It may later inform both inter-
ventions for MTPJ1 pathologies and implant designs.
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