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Abstract
Introduction: The precision in the angulation of metatarsal osteotomies is crucial in minimally invasive foot surgical procedures (MIS). 

Surgical techniques can impact postoperative outcomes. This study evaluates the effectiveness of a digital inclinometer integrated into 
the cutting motor, comparing the angular accuracy of metatarsal osteotomies with and without the inclinometer in cadaveric specimens 
and resin skeletons.

Materials and methods: A total of 87 metatarsal osteotomies were performed on cadaveric specimens and resin skeletons, divided 
into two groups: without inclinometer and with inclinometer. Angular accuracy was measured using X-rays and analyzed with software. 
Differences were assessed using Student’s t-tests.

Results: In the study using resin skeletal models, cuts performed with the inclinometer showed significantly greater accuracy than those 
performed without it (p = 0.04), with less angular variability. However, in the cadaveric study, the differences between the groups did not 
reach statistical significance (p = 0.42), which could be attributed to greater variability and the small sample size in this group.

Conclusions: The use of a digital inclinometer improves accuracy in metatarsal osteotomies, especially in skeletal models. In cadaveric 
specimens, soft tissues may have affected the results. Inclinometers in MIS can reduce variability between operators and improve postop-
erative outcomes. The digital inclinometer shows promise for increasing precision in metatarsal osteotomies, although further research 
in cadaveric specimens is needed to confirm its clinical effectiveness.

Resumen
Introducción: La precisión en la inclinación de las osteotomías metatarsales es clave en cirugías mínimamente invasivas (CMI) del 

pie. Las técnicas quirúrgicas pueden afectar los resultados postoperatorios. Este estudio evalúa la efectividad de un inclinómetro digital 
integrado en el motor de corte, comparando la precisión angular de osteotomías metatarsales, con y sin inclinómetro en especímenes 
cadavéricos y esqueletos de resina.

Material y métodos: Se realizaron 87 osteotomías metatarsales en especímenes cadavéricos y esqueletos de resina, divididos en dos 
grupos: sin inclinómetro y con inclinómetro. La precisión angular fue medida con radiografías y analizada mediante software. Las diferencias 
se evaluaron con pruebas t de Student.

Resultados: En el estudio con modelos esqueléticos de resina, los cortes realizados con inclinómetro mostraron una precisión signi-
ficativamente mayor que los realizados sin él (p = 0,04), con una menor variabilidad angular. Sin embargo, en el estudio cadavérico, las 
diferencias entre los grupos no alcanzaron significación estadística (p = 0.42), lo que podría atribuirse a la mayor variabilidad y el pequeño 
tamaño de la muestra en este grupo.

Conclusiones: El uso del inclinómetro digital mejora la precisión en osteotomías metatarsales, especialmente en modelos esqueléticos. 
En especímenes cadavéricos, los tejidos blandos podrían haber afectado los resultados. Los inclinómetros en cirugías CMI pueden reducir 
la variabilidad entre operadores y mejorar los resultados postoperatorios. El inclinómetro digital es prometedor para aumentar la precisión 
en osteotomías metatarsales, aunque se requiere más investigación en especímenes cadavéricos para confirmar su eficacia clínica.

http://dx.doi.org/10.20986/revesppod.2024.1708/2024
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Introduction

The precision in the angle of metatarsal osteotomy cuts is crucial 
for the success of minimally invasive foot surgical procedures (MIS)1,2. 
Specifically, metatarsal osteotomies, which are common procedures 
for treating various forefoot conditions, must be performed accurate-
ly to ensure optimal recovery and minimize postoperative complica-
tions3,4. Performing these osteotomies at the metatarsal head level 
is currently a widely used minimally invasive procedure for treating 
forefoot conditions5.

Surgical techniques for treating metatarsalgia can be per-
formed through either open or minimally invasive approaches. 
In open surgery, the Weil osteotomy is the most widely used 
technique, as it produces a shortening and elevation effect. For 
minimally invasive surgery, two options are considered: distal 
metaphyseal metatarsal osteotomy (DMMO)6-10, which involves an 
extracapsular cut, and distal intracapsular metatarsal osteotomy 
(DICMO)11, performed intracapsularly. However, the success of 
the technique largely depends on the surgeon’s skill and experi-
ence12-14, as well as the osteotomy being performed at approxi-
mately 45°8,14-17. Conducting these surgical procedures by multiple 
operators leads to variations in the cut angles, negatively impact-
ing postoperative outcomes3,18.

In this context, technology could begin to play a key role in opti-
mizing these surgical procedures19. The use of digital inclinometers, 
devices that allow for precise measurement1,20 of angles during oste-
otomies, has proven to be a valuable tool for improving accuracy in 
these procedures18,20. Unlike manual techniques that rely on visual 
observation and the surgeon’s experience, the inclinometer provides 
an objective measurement that can significantly reduce the margin 
of error.

This study focuses on evaluating the effectiveness of a digital 
inclinometer integrated into the cutting motor during metatarsal 
osteotomies. The research aims to determine whether the use of 
this technology can improve the precision of the cutting angle and, 
consequently, optimize plantar pressure distribution in patients after 
surgery. The underlying hypothesis is that using a digital inclinom-
eter can achieve greater consistency in surgical outcomes, reducing 
the variability associated with freehand techniques.

This approach could make a significant difference in surgical 
practice, not only by improving clinical outcomes but also by shorten-
ing the learning curve21 for surgeons performing MIS on the forefoot. 
Ultimately, the incorporation of technologies like the digital inclinom-
eter could make and advance in surgical techniques, offering benefits 
for both patients and healthcare professionals.

Materials and methods

Study Design

We conducted an initial study on resin skeletal pieces, with a total 
of 20 samples.

Subsequently, cadaver specimens were selected, and 36 meta-
tarsal osteotomies were performed following the inclusion criteria: 
complete metatarsal bones, adult age, and absence of bone deformi-
ties or signs of osteoporosis. Specimens with prior fractures, visible 

injuries, dislocations, and/or degenerative metatarsophalangeal 
processes were excluded.

The experimental study was conducted in September 2023 in the 
dissection room of the School of Medicine and Health Sciences at the 
Universidad Católica de Valencia (Valencia, Spain).

Sample

The osteotomies were divided into two groups for both the skel-
etal and cadaver studies, with the experimental group using an incli-
nometer and the other group without an inclinometer (Figure 1). Four 
surgeons performed the procedures in a controlled environment, 
with appropriate standardization of technique for all groups created. 
The surgeons had over 15 years of experience.

Radiographic and Manual Measurements

After the surgical techniques were completed on the anatomical 
pieces, a thorough evaluation was conducted through oblique pro-
jection radiographs, maintaining a constant focal distance of 50 cm. 
DICOM files from the radiographs were analyzed with the Osirix soft-
ware (Pixmeno, Switzerland), with 3 independent measurements 
made by the same observer for each osteotomy. The mean of these 
measurements was used for comparative analysis. Subsequently, 
anatomical dissection of the samples was performed to confirm the 
osteotomy angle. This rigorous approach allowed for precise study 
of the differences between osteotomies performed with and without 
the aid of an inclinometer.

Additionally, all osteotomies on the skeletal models were mea-
sured with a goniometer.

MIS Osteotomy Technique

The DICMO technique for treating primary metatarsalgia involves 
performing a distal intracapsular osteotomy on the metatarsal at 45° 
relative to the bone longitudinal axis with a distal-dorsal and plantar-
proximal inclination. This outpatient procedure follows a series of steps 
to ensure precision and standardization, regardless of the surgeon.

Figure 1. Diagram of the study in resin and in cadaver.
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First, the metatarsal head is located using the passive hand’s 
fingers, and position is confirmed with fluoroscopic control. A small 
incision is, then, performed dorsally on the metatarsal at 45°, lateral 
to the extensor tendons, until reaching the surgical neck of the meta-
tarsal, with slight marking of the periosteum to prevent displacement 
during the cut.

Next, the long Shannon Isham surgical burr is inserted into the 
notch made, maintaining a 45° angle. Controlled oscillating move-
ments are used to cut until approximately one-third of the metatarsal 
is reached. Then, without removing the burr, the position is adjusted 
for a final cut from plantar to dorsal.

The procedure concludes when the lack of bone resistance is 
detected, indicating the cut is complete. The osteotomy is verified by 
fluoroscopy, checking for bone fragment displacement when apply-
ing distal traction on the operated toe.

In the goniometer-assisted technique, the same steps are fol-
lowed, but with the addition of the goniometer to measure and 
ensure the angular precision of the cut (Figure 2).

The correct placement of the motor with the goniometer was 
achieved via the use of intraoperative fluoroscopy. First, the incision 
point was located, and the goniometer was set to 0° when a 90° angle 
was observed with respect to the diaphyseal axis of the metatarsal 

where the osteotomy would be performed (Figure 3A, 3B, and 3C). 
The device was then tilted to 45°, at which point the osteotomy was 
performed (Figure 3D, 3E, and 3F).

Figure 2. Inclinometer integrated into the surgical motor.

Figure 3. A and D show the correct placement of the surgical burr. B and E present the intraoperative fluoroscopic image. C and F reflect the 
software of the goniometer with the recorded angle.
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Statistical methods

An analyst uninvolved in the experimental design conducted all 
evaluations. Data were expressed as mean and standard deviation 
(SD). To test data normality, the Shapiro-Wilk test was applied. In 
the resin skeletal study, both the goniometer and non-goniometer 
groups showed deviations from normality, with a W value of 0.93 and 
p = 0.05 for the surgery group, and a W value of 0.92 and p = 0.05 for 
the non-surgical group. Similarly, in the cadaver study, both groups 
also showed a W value of 0.91, although with p = 0.21 for the surgery 
group and p = 0.07 for the non-surgical group.

A significance level of p < 0.05 was set. Statistical analysis was 
conducted using SPSS 24 (SPSS Inc., Chicago, IL, USA), and graphi-
cal data representation was performed using Jeffreys’s Amazing 
Statistical Package ( JASP V0.16.4, Amsterdam, The Netherlands). 
Inter-groups differences with and without an inclinometer were 
analyzed using the Mann-Whitney U test. The groups, with and 
without inclinometer, were considered independent variables in 
this analysis. The effect size (ES)22,23 was calculated using Biserial 
Rank Correlation.

Sample size calculation was performed to detect a minimum 
detectable difference of 0.5° in the osteotomy angulation. With 
14 observations per group (a total of 28), to detect a difference of 0.5° 
in angulation at a significance level of 5%, the study power would be 
90%, assuming normality. The anticipated confidence interval half-
width was 0.31077°, ensuring adequate precision for the study.

Results

Figure 1 shows a diagram of data collection and analysis in skele-
tal models and cadavers. The descriptive analysis in the skeletal study 
showed that the group with the inclinometer had a mean angulation 
of 49.33°, with a standard deviation (SD) of 7.67, while the group 
without the inclinometer showed a mean of 55.50°, with a standard 
deviation of 13.93 (Table I). This indicates greater variability in the 
group without the inclinometer. In contrast, the descriptive results 
in the cadavers indicated means of 53.25° (SD, 9.48) for the group 
with the goniometer and 56.95° (SD, 13.81) for the group without the 
goniometer, reinforcing the idea of a smaller difference in cadavers.

The difference in mean values between both studies suggests 
that while changes in inclination are observed in both cases, the 
effect appears more pronounced in skeletal samples than in cadav-
ers. This behavior could be explained by differences in soft tissue 
resistance present in cadavers but not in skeletal samples.

In the results of the comparison for independent samples, we first 
observe, for the studies in skeletons, the value of W = 293.00, with 
a p = 0.11, indicating that statistical significance was not reached. 
Additionally, the biserial rank correlation is -0.25 with a standard error 
of 0.15, suggesting a moderate negative relationship between the 
variables assessed in the skeletons. This interpretation can be clearly 
visualized in the graph of the skeletal data, where the distribution of 
points shows greater dispersion (Figure 4).

On the other hand, in the studies with cadavers, we obtained the 
following results with a value of W = 102.50 and a p = 0.66, indicating 
that there is no significant difference between the groups. The bise-
rial rank correlation is -0.10, with a standard error of 0.21, suggesting 
a very weak negative relationship (Figure 5).

Discussion

The findings of this study regarding the use of the goniometer 
align with the recommendations of Olivier Laffenêtre11,24,25, where 

Figure 4. Cloud-type graph showing the angulation performed in 
skeletal models.

Figure 5. Cloud-type graph showing the angulation performed in 
cadavers.

Table I. Descriptive data of angulation in resin skeletal 
models and cadavers.

Group N Mean SD SE
Coefficient 
of variation

Resins
WITH 30 49.33 7.67 1.40 0.16

WITHOUT 26 55.50 13.93 2.73 0.25

Cadaver
WITH 12 53.25 9.48 2.74 0.18

WITHOUT 19 56.95 13.81 3.17 0.24
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the importance of performing the osteotomy on the metatarsal at a 
45° angle is emphasized25. Furthermore, we present and support the 
improvement in the precision of osteotomies via the use of a digital 
goniometer within the minimally invasive foot surgery context, com-
pared to conventional freehand techniques8, which could be optimal 
for improving metatarsal surgery.

The integration of the goniometer into the handpiece of the surgi-
cal motor facilitates the acquisition of angulation during the surgical 
act, allowing real-time monitoring of the osteotomy angle. The use of 
this type of technology, as well as the integration of surgical guides, 
has already been employed in various fields, both in podiatry26,27 and 
in other medical specialties1,28,29, achieving very satisfactory results. 
An important aspect of this technological advancement lies in its 
ability to reduce reliance on subjective visual perception and the 
experience of the surgeon12,21, introducing a standardized technique 
facilitated by the goniometer, thereby mitigating variability among 
operators3.

The study involved the examination of 31 complete metatar-
sals in a controlled cadaveric environment that allowed for direct 
comparisons between osteotomies performed with and without a 
goniometer. These rigorous cadaveric tests allowed for accurate mea-
surements and evaluations of angular outcomes, providing critical 
foundations and evidence regarding the possible improvements in 
accuracy and precision with the goniometer.

By using this technology, the angles cluster, and variability and 
standard deviation decrease. Conversely, if this technology is not 
used and we opt for conventional manual surgical techniques, incli-
nation results tend to be higher, and greater dispersion is observed.

While former studies have investigated foot and ankle surgery 
in cadavers to compare techniques26-30, this study uniquely lever-
aged cadaveric metatarsal osteotomies to isolate the impact of the 
goniometer itself. By standardizing other surgical variables through 
the cadaver model, we could directly quantify the differences in 
angular precision between conventional freehand osteotomies and 
those performed with the goniometer. These controlled comparative 
tests in cadavers paralleled similar research modalities in orthopedic 
surgical examination techniques31-34. The protocol in cadaver tests 
reinforced the validity and potential generalization of the findings.

Accurate angulation is fundamentally important in the context 
of this surgical procedure, as osteotomies with incorrect angles can 
profoundly affect the biomechanics of the foot, potentially leading 
to unfavorable postoperative outcomes16. The use of digital gonio-
metric techniques to ensure the obtained angle offers a promising 
perspective for mitigating complications associated with imperfect 
angular correction21.

The main limitations of this study include the small sample size, 
particularly in the study with cadaver specimens, which could have 
affected the ability to achieve statistical significance in the results. 
Additionally, variability in the soft tissues present in the cadaver 
specimens may have influenced the accuracy of the measurements, 
generating greater variability compared to the skeletal models. It is 
also important to note that the study was conducted under controlled 
conditions, which may not fully reflect the complexity of surgical 
interventions in a real clinical environment. Lastly, although improve-
ments in angle precision were observed with the use of the digital 
inclinometer, further research is required to validate these results in 
a broader clinical context and with a larger sample.

In conclusion, the use of a digital inclinometer in metatarsal oste-
otomies improves the precision of the cutting angle vs conventional 
freehand techniques. In particular, the tests conducted with resin and 
cadaver skeletons did not show any significant differences in angula-
tion between the groups that used the inclinometer and those that 
did not, but there was lower variability in the group, indicating a sub-
stantial improvement in the precision of the procedure. Nevertheless, 
the research demonstrates that the incorporation of technology such 
as the digital inclinometer can reduce variability in surgical outcomes 
and facilitate a more standardized technique.
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