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Abstract

Background/Objectives: This study aimed to describe and quantify facial soft tissue
changes in two patients who underwent radiotherapy (RT) for head and neck cancers,
using three-dimensional (3D) stereophotogrammetry and surface deviation analysis. The
aims were (i) to assess the progression of morphological alterations over time (ii) and to
evaluate the clinical potential of 3D surface mapping in documenting RT-related aesthetic
changes. Methods: Two patients with head and neck cancer undergoing RT were analyzed
using three-dimensional stereophotogrammetry (3dMD Trio-system, Atlanta, GA, USA)
at three timepoints: before RT (T0), 45 days after the start of RT (T1), and 6 months after
the start of RT (T2). Facial 3D scans were processed using Geomagic Control 2014 software
(v.3D Systems, Morrisville, NC, USA) to perform standardized alignments and calculate
volumetric deviations, create colorimetric deviation maps, and conduct Root Mean Square
(RMS) analysis. Results: Between T0 and T1, both patients showed soft tissue volume
reduction, primarily in the mandibular and submental regions, likely reflecting acute
treatment effects and weight loss. Between T0 and T2, an increase in soft tissue volume was
observed, especially in the lower face and neck, consistent with late radiation effects such as
lymphedema and post-treatment weight gain. RMS values ranged from 5.53 mm to 6.87 mm
across patients and time points, indicating measurable morphological changes. The upper
third of the face remained stable and served as a reliable reference region for alignment.
Conclusions: RT may be associated with significant, region-specific changes in facial and
cervical soft tissues in HNC patients, but these preliminary observations must always be
correlated with weight loss and confirmed by further studies. 3D stereophotogrammetry
is a reliable, non-invasive method for detecting and quantifying these alterations over
time. This technique can offer valuable insights for clinical monitoring and could promote
better patient counseling and potentially mitigate the psychological burden associated with
facial changes.

Keywords: radiotherapy; 3D stereophotogrammetry; soft tissue changes; head and neck
cancers; stereophotogrammetry; case report
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1. Introduction
Head and neck cancers (HNC) and their treatments often result in profound changes

in patients’ facial appearance. While the disfiguring effects of surgical resection in HNC
are well documented and largely irreversible due to the invasive nature of oncologic
surgery [1,2], radiotherapy (RT) alone can also be responsible for several adverse events,
such as Osteoradionecrosis [3] and Trismus [4], which may ultimately lead to significant
alterations in facial soft tissues. Early facial changes are mainly attributable to weight loss
secondary to the acute effects of radiotherapy of the head and neck area, such as the onset of
mucositis [5], dysphagia [6], and taste alterations. Moreover, late alterations are: persistent
lymphedema, fibrosis, the appearance of scars associated with irradiation, changes in the
color and texture of the skin, swelling and loss of muscle or fat tone and volume, especially
in the cervical and mandibular areas. These changes may persist for a long time and alter
the patient’s aesthetic appearance and quality of life [7,8]. Late effects, which are often
independent of acute symptoms, are driven by stromal, vascular, and connective tissue
damage and usually appear months after the start of therapy [8,9]. Moreover, the reduction
in mid-facial volume and alteration in soft tissue support can be further aggravated by
tooth loss due to extractions, which patients often undergo as a preventive measure before
starting radiotherapy in the head and neck area [10]. Facial appearance changes are deeply
linked with psychosocial well-being. In fact, alterations in self-image following HNC
treatment have been linked to anxiety, depression, and body dysmorphic disorders, with
significant implications for long-term mental health [11,12].

Although these aspects are well known to specialists in the field, collecting precise
data on how the effects of RT change the appearance of patients over time and quantify-
ing these changes could promote better patient counseling and potentially mitigate the
psychological burden associated with facial changes. Three-dimensional (3D) stereopho-
togrammetry has become an increasingly important tool in the field of craniofacial analysis.
As a non-invasive and highly reliable technique, it enables the acquisition of high-resolution
facial surface data with remarkable accuracy. This capability is particularly valuable for
detailed morphological documentation, where precision is essential. One of the key ad-
vantages of 3D stereophotogrammetry lies in its rapid acquisition speed combined with
extensive surface coverage reaching up to 360 degrees [13–15]. These features represent a
significant improvement over earlier surface imaging technologies, such as laser scanning,
which often required longer processing times and offered more limited coverage [13,16,17].
Due to these benefits, 3D stereophotogrammetry has been widely adopted in clinical and
research settings. It has proven especially useful in the assessment of facial aesthetics
and in the evaluation of morphological changes associated with conditions such as tooth
loss or orthognathic surgery [18,19]. The emergence of 3D stereophotogrammetry marks
a substantial advancement in facial surface imaging, offering a non-invasive, fast, and
comprehensive method that not only enhances the quality of data available for morpholog-
ical studies and aesthetic evaluations but also proves invaluable for documenting facial
changes over time in both diagnostic and treatment planning processes [13,20]. In this
context, this pilot study report describes and quantifies facial soft tissue changes in two
patients undergoing RT for HNC, using 3D stereophotogrammetry (3dMD Trio System,
Atlanta, GA, USA) for face and neck surface acquisition. Given the considerable clinical
heterogeneity between the two patients (age, tumor region, and treatment protocols), the
aim of this report is not to draw generalizable conclusions but rather to present a feasible
and reproducible protocol for facial surface acquisition, alignment and landmark-based
comparison. By illustrating the potential of this methodology for documenting changes in
facial soft tissue over time, this report aims to provide a preliminary framework for future
studies investigating radiotherapy-related aesthetic changes and their possible implications
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for patient counseling and psychosocial well-being. Furthermore, this approach may help
provide patients with more objective information about the changes they may undergo,
potentially supporting patient counseling, improving quality of life, and reducing the risk
of dysmorphic concerns.

2. Materials and Methods
The present case report was carried out in the department of Orthodontics of “Fon-

dazione Policlinico Universitario A. Gemelli IRCCS (Rome)” teaching hospital. The present
study was conducted according to the Declaration of Helsinki, and all patients signed an
informed consent form. The present paper represents the first report of a prospective obser-
vational study, whose protocol was approved by the Ethics Committee of the Università
Cattolica del Sacro Cuore (ID. 2132) and registered at ClinicalTrials.gov (ID: NCT04009161).
The study was reported according to the CARE guidelines [21].

2.1. Patient Selection and Information

The participants were selected according to the following inclusion criteria:

- Patients diagnosed with HNC, with specific prescription of local RT, either for pallia-
tive or curative purposes, whether or not receiving chemotherapy (CTx);

- Patients diagnosed with HNC, with specific prescription of local RT as an adjuvant
to surgical therapy involving only the neck lymph nodes of levels III, IV, V, and VI,
whether or not receiving CTx.

Radiotherapy was delivered using a Volumetric Modulated Arc Therapy (VMAT)
technique. Patient 1 received a total dose of 66.6 Gy delivered in 37 fractions (1.8 Gy/fx).
Patient 2 received a total dose of 66 Gy delivered in 30 fractions (2.2 Gy/fx). Specific
dosimetric parameters were extracted from the Treatment Planning System (TPS) for both
cases to correlate regional radiation exposure with the volumetric changes detected. Patient
1 received a total dose of 66.6 Gy (37 fractions of 1.8 Gy), targeting the nasopharynx and
bilateral neck (Levels II-VII). Detailed mean and maximum doses for the mandible and
submandibular regions are summarized in Table 1.

Table 1. Detailed mean and maximum doses for the mandible and submandibular regions.

Parameter Patient 1 (14 y, F) Patient 2 (57 y, M)

Diagnosis Nasopharyngeal SCC Left Tonsil SCC

Total Dose/Fx 66.6 Gy/37 fx (1.8 Gy/fx) 66 Gy/30 fx (2.2 Gy/fx)

RT Field Nasopharynx + Bilateral neck (II–VII) Left Tonsil + Ipsilateral neck (I–IV)

Mandible Dose Mean: 36.5 Gy (Max: 62.5 Gy) Mean: 23.2 Gy (Max: 56.6 Gy)

Submandibular (L) Mean: 50.8 Gy (Max: 61.5 Gy) Mean: 56.6 Gy (Max: 66.3 Gy)

Submandibular (R) Mean: 60.4 Gy (Max: 68.3 Gy) Mean: 28.8 Gy (Max: 43.8 Gy)

Weight (T0/T1) 51 kg/49 kg 108 kg/100 kg

Exclusion criteria were:

- Patients diagnosed with HNC, with a specific prescription for local radiotherapy (RT)
as an adjuvant to surgical resection therapy of the head and neck district involving
an area other than neck lymph nodes in levels III, IV, V and VI, whether or not
receiving CTx;

- Patients unable to attend scheduled appointments
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Patient 1 was a 14-year-old girl with squamous cell carcinoma of the nasopharynx
(EBV+) who received chemotherapy and RT of the head and neck region. Specifically, the
patient underwent neoadjuvant CTx with Cisplatin and 5-Fluorouracil and radiotherapy
treatment of the nasopharynx and bilateral neck lymph nodes; during RT, the patient
underwent another cycle of CTx with Cisplatin. The patient started RT without the need
for any tooth extractions. The patient was fully dentate and did not show periodontitis nor
any caries.

Patient 2 was a 57-year-old man diagnosed with squamous cell carcinoma of the
left tonsil. He underwent radiotherapy involving the head and neck region, specifically
targeting the left tonsil, the area around the left tonsil and left cervical lymph nodes. The
patient began treatment without requiring any dental extractions prior to radiotherapy.
The patient was fully dentate and did not show periodontitis nor any caries.

Facial stereophotogrammetry acquisitions with 3D stereophotogrammetry (3dMD
Trio-system, Atlanta, GA, USA) were performed at three times on all patients who were
included, specifically before the beginning of RT (T0), 45 days after the beginning of RT
(T1) and 6 months after the beginning of RT (T2).

In addition, to monitor any weight loss associated with cancer treatments, patients’
weight was monitored at various times; specifically, weight was recorded before the start of
RT, after approximately 45 days, and 6 months after the start of RT. No patient required
enteral feeding during the observation period, and both patients maintained oral intake,
although reduced during the acute phase of treatment.

2.2. Qualitative 3D Analysis

The analysis was performed on 3D stereophotogrammetry (3dMD Trio System, Atlanta,
GA, USA) three-dimensional face and neck surface acquisitions under standardized conditions.

Each subject was seated upright with the head in Natural Head Position (NHP) with a
relaxed facial expression with eyes open and mouth closed during the scan. The scans were
performed in a controlled lighting environment using the system’s integrated LED flash
units to provide uniform illumination and eliminate shadows. No natural light sources
were allowed during acquisition to prevent variability in surface texture representation. The
camera system was positioned directly in front of the subject at facial height, and calibration
was verified prior to each session. All acquisitions were performed by the same trained
operator to minimize operator-related variability. Informed written consent was obtained
from each patient before the acquisition of the scan. This standardized protocol was applied
identically across all timepoints to ensure consistency in longitudinal comparisons [13].

The 3D image acquisition and processing followed standardized protocols for facial
digital imaging, ensuring high intra-observer reliability and accuracy in surface representa-
tion. These procedures align with established recommendations for 3D stereophotogram-
metry in clinical settings, which emphasize the importance of controlled lighting, fixed
camera distance, and neutral facial expressions to minimize measurement artifacts [13].
Furthermore, the management of late radiation effects, such as lymphedema and fibrosis,
was interpreted in light of current clinical guidelines for post-radiotherapy soft tissue
care [22].

Three-dimensional facial scans were exported as STL (Standard Tessellation Language) files
and then imported into Geomagic Control 2014 software (3D Systems, Morrisville, NC, USA).

The STLs of T0 were selected as “reference” and underwent surface-based superim-
position into T1 (selected as “test”) and subsequently into T2 (selected as “test”) with the
aim of assessing the occurrence of acute and chronic changes compared to T0 due to RT
for HNC.
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The “3-2-1 Alignment” function and the “Best Fit Alignment” function were used to
macroscopically align the “reference” and “test” models. These steps were necessary to
facilitate accurate landmark identification in the subsequent steps.

As a first step, the “3-2-1 Alignment” function was performed by selecting the follow-
ing landmarks respectively:

For the “Plan” section:

1. Left mandibular angle (Ma L) (left junction of the body and the ramus of the mandible)
2. Right mandibular angle (Ma R) (right junction of the body and the ramus of

the mandible)
3. Menton (Me) (Inferior point on chin)

For the “Axis” section:

1. Left exocanthion (Exc L) (Outer commissure of the left eye fissure)
2. Right exocanthion (Exc R) (Outer commissure of the right eye fissure)

For the “Origin” section:

1. Nasion (Na) (Deepest point of the nasal bridge)

Subsequently the “Best Fit Alignment” function was performed. On the “reference”
and “test” models, the forehead was identified as a stable anatomical region for alignment.
The “Lasso” tool into the “Polygon” section was used to manually delineate the desired
area. Then, the “Best Fit Alignment” function was applied in order that the “reference” and
“test” models were macroscopically aligned by binding to the stabilization region, reducing
errors due to local deformations.

Subsequently “RPS (Reference Point System) alignment” function was performed
based on 16 predefined surface landmarks. The procedure consisted of the following steps:

On the “reference” model, 16 anatomical landmarks were identified using the “Cen-
troid” tool available in the selection tools. This function calculates the geometric center of a
manually selected surface patch. For each landmark, a small and consistent polygonal area
was selected around the anatomical feature, and its centroid was computed and saved as
a point.

The same procedure was repeated on the “test” model: identical surface areas corresponding
to those on the reference were selected, and centroid points were calculated and saved.

Sixteen anatomical landmarks were selected as surface centroids [23,24] and are shown
in Figure 1 and reported in Table 2.

The “RPS Alignment” function was used to align the two models based on the 16 pairs
of corresponding centroid points. Each pair was manually assigned, ensuring point-to-point
correspondence in the same order.

Then the “3D comparison” function was used, in which the software compares the
surface of the “reference” model with that of the “test” model, calculating the differences
point by point. This function generated a color map with a deviation range of ±5 mm and
a critical threshold at 0.5 mm. The 0.5 mm threshold was selected as a conservative ‘limit of
detection’ based on the established technical precision and reproducibility of 3D stereopho-
togrammetry systems, where mean measurement errors are typically below this value.
This ensures that the colorimetric changes represent true morphological variations rather
than inherent measurement noise or registration artifacts. The ±5 mm range was chosen
to provide optimal visual contrast for the maximum volumetric fluctuations observed,
preventing signal saturation on the deviation maps [23].
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Figure 1. Example of anatomical landmarks selected as surface centroids on Geomagic software
3D superimpositions.

Table 2. Anatomical landmarks selected and surface centroids.

No. Landmark Name Abbreviation Description

1 Glabella Gla Most prominent midline point between the
eyebrows

2 Nasion Na Deepest point of the nasal bridge

3 Pronasale Prn Most protruded point of the apex nasi

4 Subnasale Sn Midpoint of angle at columella base

5 Labial Superius Ls Midpoint of the upper vermilion line

6 Stomion Sto Midpoint of the mouth orifice

7 Labial Inferius Li Midpoint of the lower vermilion line

8 Menton Me Inferior point on chin

9 Exocanthion Right Exc R Outer commissure of the right eye fissure

10 Exocanthion Left Exc L Outer commissure of the left eye fissure

11 Endocanthion Right End R Inner commissure of the right eye fissure

12 Endocanthion Left End L Inner commissure of the left eye fissure

13 Alar Curvature Right Ala R Most lateral point on the right alar contour

14 Alar Curvature Left Ala L Most lateral point on the left alar contour

15 Cheilion Right Ch R Point located at the right lateral labial
commissure

16 Cheilion Left Ch L Point located at the left lateral labial
commissure
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This function generated a color map with a deviation range of ±5 mm and a crit-
ical threshold at 0.5 mm that visually showed the differences between “reference” and
“test” models:

Green: The test model is within the tolerance limits.
Red: Outward displacement of the test model compared to the reference.
Blue: Inward displacement of test model material compared to reference.

Furthermore, the superimposition of the different acquisitions enables the calculation
of the Root Mean Square. The RMS (Root Mean Square) value reflects the average ampli-
tude of the variation in volume changes in the tissues, providing an overall measure of
tissue deformation.

3. Results
Colorimetric 3D deviation maps were used to evaluate volumetric facial and cervical

changes over time in two patients undergoing head and neck radiotherapy. The analysis
focused on two comparison intervals for each patient: T0 vs. T1 (baseline vs. 45 days from
the start of RT) and T0 vs. T2 (baseline vs. 6 months from the start of RT).

3.1. Patient 1 (Figure 2)

Between T0 and T1, patient 1 showed a moderate reduction in soft tissue volume. The
greatest reductions were observed around the mandibular border, in the submandibular
area, and in the submandibular region, particularly on the right side, with a standard
deviation of 5.46 mm and an RMS of 5.53 mm. This asymmetric pattern of volume reduction
may be explained by the combined effects of weight loss (approximately 2 kg, weight
changes are reported in Table 3) and the higher radiation dose administered to the left side
of the neck, which likely influenced the distribution of tissue changes. The asymmetric
volume reduction observed may be correlated with the dosimetric distribution delivered to
the submandibular regions (50.8 Gy on the left vs. 60.4 Gy on the right). These findings may
be linked to an early loss of soft tissue volume caused by the acute effects of radiotherapy
and chemotherapy, including weight loss. The patient did not develop oral mucositis or
experience a reduction in oral intake.

Table 3. Patient conditions, therapy, RT dose, weight course and nutritional status.

Sex Age Diagnosis Therapy RT Dose
Weight
Course
T0

Weight
Course
T1
(45 Days)

Weight
Course
T2
(6 Months)

Enteral
Feeding

Oral Sup-
plements

Patient 1 Female 14 y.o.
Nasopharynx
squamous cell
carcinoma

CTx and
RT

66.6 Gy/
37 fx
1.8 Gy/fx)

51 kg 49 kg 49 kg No No

Patient 2 Male 57 y.o.
Left Tonsil
squamous cell
carcinoma

RT
66 Gy/
30 fx
(2.2 Gy/fx)

108 kg 100 kg 106 kg No No

In contrast, the colorimetric map obtained from the superimposition of T0 and T2 scans
revealed an overall increase in soft tissue volume. This change was especially noticeable
in the lower third of the face and neck and may be attributed to late-onset post-radiation
swelling but not to the possible weight gain following cancer therapies, because weight
remained stable compared to the assessment at 45 days (Table 3). The superimposition
resulted in a standard deviation of 5.60 mm and an RMS of 6.16 mm.
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Figure 2. Example of a three-dimensional color map created with Geomagic software showing the
volumetric facial and cervical changes in patient 1.

3.2. Patient 2 (Figure 3)

Between T0 and T1, the patient exhibited a pronounced reduction in soft tissue volume,
primarily localized on the left side of the face and neck, the regions that were exposed to
radiotherapy. The pronounced asymmetric volume loss on the left side may be correlated
with the dosimetric distribution; the left submandibular region received a mean dose of
56.6 Gy, whereas the contralateral right side received only 28.8 Gy. This asymmetric volume
loss, with a standard deviation of 7.3 mm and an RMS of 5.78 mm, likely reflects both
overall weight loss during treatment, caused also by the oral mucositis extending to the
soft palate with the consequent onset of dysphagia, and the localized atrophy of irradiated
tissues. In fact, 45 days after starting RT, the patient had lost approximately 8 kg (Table 3).

In contrast, the colorimetric map obtained from the superimposition of T0 and T2 scans
revealed an overall increase in soft tissue volume, with a more uniform distribution. The
increase in soft tissue volume, particularly involving the lower facial and cervical regions,
was associated with a standard deviation of 6.71 mm and an RMS of 6.87 mm, and it is
probably attributed to delayed radiation-induced edema and post-treatment weight gain
following the initial oncologic therapies. In fact, six months after the start of RT, patient 2
had almost completely recovered the weight he had lost in the first 45 days of RT (Table 3).

Regarding patient-reported experiences, although standardized psychometric ques-
tionnaires were not administered, qualitative clinical interviews were conducted. Patient 1
(and her parents) reported a mild concern regarding ‘facial thinning’ during the acute
phase, which resolved as the patient’s weight stabilized. Patient 2 reported a subjective
sensation of ‘tightness’ and ‘heaviness’ in the submental area during the 6-month follow-up,
which closely correlated with the volumetric increase (edema/fibrosis) detected by the 3D
surface analysis.
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Figure 3. Example of a three-dimensional color map created with Geomagic software showing the
volumetric facial and cervical changes in patient 2.

4. Discussion
The analysis of soft tissue volume changes between T0 and T1 for both patients re-

vealed alterations that may be associated with the acute and late effects of radiotherapy
and cancer treatments. It should be emphasized that several factors commonly affecting
patients with head and neck cancer may contribute to facial soft tissue changes indepen-
dently of RT. In particular, dysphagia, oral mucositis, reduced oral intake, dehydration,
and cancer-related catabolic metabolism frequently lead to weight loss and sarcopenia.
These conditions may significantly influence facial physiognomy and, therefore, represent
important potential confounders when interpreting volumetric facial changes [25,26].

For Patient 1, between T0 and T1, a moderate reduction in soft tissue volume was
observed, particularly in the mandibular border, submandibular area, and submental
region. The standard deviation of 5.46 mm and RMS of 5.53 mm indicated a localized
volume loss, which may be associated with radiotherapy and the weight loss typical during
cancer treatments. On the other hand, the comparison between T0 and T2 showed an
increase in soft tissue volume, especially in the lower third of the face and neck. This
change, as reflected by a standard deviation of 5.60 mm and an RMS of 6.16 mm, may be
associated with late effects of RT, like swelling of the tissues, and the weight gain that often
follows the completion of radiotherapy.

For Patient 2, a more pronounced and asymmetric reduction in volume was noted
between T0 and T1, primarily on the left side of the face and neck, which were the areas
treated with radiotherapy. The observed standard deviation of 7.3 mm and RMS of 5.78 mm
further suggests the hypothesis of localized atrophy of irradiated tissues, worsened by a
general weight loss during therapy. The comparison between T0 and T2 showed a more
uniform increase in soft tissue volume, particularly in the lower face and cervical regions,
with a standard deviation of 6.71 mm and an RMS of 6.87 mm. These findings suggest
that alterations in the face and neck associated with the late effects of RT, such as swelling
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and lymphoedema, may occur six months after the start of radiotherapy, whilst there is a
reduction in tissue volume loss linked to the weight loss that occurred during treatment.

Regarding the selection of technical parameters in the Geomagic Control software (3D
Systems, Morrisville, NC, USA), three-dimensional analysis, the guidelines established in
other studies were followed. In particular, the threshold value for technical detection was
set at 0.5 mm, in accordance with the study by Blasi et al. [23]. Furthermore, according to the
study by Ueda et al. [27], an inverse correlation was found between the RMS value and sub-
jective perception; it has been suggested that RMS values exceeding approximately 3 mm
are associated with clinically perceptible facial asymmetry. RMS (Root Mean Square) values
could provide a quantitative measure of the extent of volume changes, indicating by how
much soft tissue volume deviates from the baseline value over time. Therefore, the RMS
value measured through three-dimensional facial analysis using 3D stereophotogrammetry
could provide a supporting aesthetic assessment [23,27,28].

Therefore, the RMS values of Patient 1 and Patient 2 may reflect region-specific patterns
of tissue remodeling potentially associated with RT and weight loss. The middle and
lower third of the face and neck, where muscles, glands, and lymphatic structures are
well represented, are particularly affected by the consequences of RT, including fibrosis,
edema, and fat loss [29]. In contrast, the upper third of the face remained relatively stable,
suggesting that certain areas of the face may serve as stable reference points for overlays.
This is caused by the different tissue composition in those areas, which makes them less
susceptible to changes associated with weight loss but is also associated with the differential
administration of radiation and shielding during treatment planning.

The results of this exploratory case report suggest that radiotherapy may be associated
with measurable soft tissue alterations, particularly affecting the lower facial and cervical
regions [30], but in the present cases, weight changes were systematically recorded during
follow-up (Table 3) and showed a temporal relationship with the observed facial volumetric
variations, particularly during the acute treatment phase. Therefore, the observed changes
should be interpreted as the result of a complex interaction between radiotherapy, systemic
treatment, and nutrition-related factors rather than as a direct effect of radiotherapy alone.

Several methods of measuring radiation-induced fibrosis were proposed, each with its
own specific strengths and limitations, including indentation, aspiration, magnetic reso-
nance imaging, ultrasound and shear-wave elastography (SWE), an ultrasound technique
that maps the elastic properties and stiffness of soft tissues, capable of helping identify or
measure the progression of diseases associated with increased tissue stiffness [31].

3D stereophotogrammetry provides an accurate, reproducible, and non-invasive
method for evaluating soft tissue fibrosis and offers several advantages in the assess-
ment of soft tissue changes, postoperative swelling, and facial morphology over time,
offering strong inter- and intra-observer reliability. Unlike traditional two-dimensional
photography or subjective clinical scoring, stereophotogrammetry objectively captures
three-dimensional changes in contour and volume, allowing for a more comprehensive
assessment of fibrotic tissue. Furthermore, the rapid acquisition and analysis process
makes it suitable for routine clinical use, supporting both clinical follow-up and research on
treatment outcomes in patients with fibrotic skin conditions [32,33]. The proposed method
of facial analysis seems to be reproducible and effective in describing and quantifying
RT-induced aesthetic changes and evaluating their progression over time.

A key strength of the present analysis lies in the use of colorimetric deviation maps,
which provide a clear and intuitive visual representation of soft tissue alterations over
time. These maps enabled the identification of both localized and diffuse changes in facial
morphology by highlighting areas of inward displacement (blue), indicating volume loss,
and outward displacement (red), reflecting tissue swelling or volume gain. In both patients,
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the first maps (T0 vs. T1) predominantly displayed blue areas along the mandibular
contour and submental region, supporting the presence of acute volume loss likely due to
treatment-related weight loss [34].

Another strength of the study relies in the fact that the two patients did not experience
significant adverse events related to the oral cavity. Firstly, they did not undergo major
oncologic surgery, which has a significant impact on facial appearance, oral health-related
quality of life, and weight loss beyond radiotherapy [35–37].

Furthermore, at the baseline examination, the oral and dental health of the two patients
was assessed, and the patients did not show any edentulism or dental disease, which is
an uncommon finding in HNC patients [38]. Consequently, they did not experience
dental extractions, which might require antibiotic prophylaxis according to the hospital
protocols [39], might be responsible for the onset of ORN [40], and might ultimately impair
the quality of life of HNC patients, with reduced food intake and significant weight loss,
which might increase also in the long term after RT [41]. The only adverse effect affecting
the oral cavity that probably played a decisive role in weight loss during RT was oral
mucositis, which affected only patient 2.

On the other hand, the second-stage superimpositions (T0 vs. T2) were characterized
by red areas, especially in the lower face and neck, suggesting the onset of post-radiation
lymphedema, swelling, and weight gain. Instead, the green areas (representing stability)
were consistently observed in the upper third of the face, validating its selection as a
stable reference region for superimposition and alignment. This visual and quantitative
combination enhances the clinician’s ability to detect subtle changes that may not be
perceptible on traditional two-dimensional photographs or clinical examination alone.

Clinically, these morphological changes may have significant implications for patients,
potentially affecting their psychosocial well-being and functional capabilities.

Facial slimming, changes in skin color and texture, and alterations in the contours of
the neck can significantly impact patients’ perception of their self-image. This can lead to a
further reduction in patients’ quality of life and can lead to an increase in social anxiety
disorders and depression, especially when facial changes remain stable over time.

The present study represents the first exploratory report of a protocol for facial 3D
scans, alignment, and landmark-based comparison in patients suffering from HNC and
highlights that alterations of the face and neck do not follow a stable pattern in the first six
months after the start of RT.

A key limitation of this study is the limited sample size, which restricts the gener-
alizability of the findings and limits the ability to explore inter-individual variability or
adjust for potential confounders. Moreover, the cases included in this case report present
marked clinical heterogeneity, including substantial differences in terms of age (14 vs.
57 y.o), growth status, tumor location, and treatment protocols. These differences restrict
the possibility of comparison between the two patients and exclude the formulation of
generalizable conclusions on changes in facial soft tissues related to RT.

A potential methodological limitation of facial acquisition using 3D stereophotogram-
metry is the presence of technical artifacts linked to patient motion, interference caused by
hair or beards, and variations in soft tissue tension during image acquisition. These factors
can affect the accuracy of surface reconstruction, leading to partial loss of relevant data
or slight distortions in soft tissue morphology if they are not carefully controlled during
acquisition [13].

Another important limitation concerns the potential influence of nutritional status and
weight fluctuations on facial soft-tissue volume. Body weight was systematically monitored
throughout the follow-up period, revealing weight changes during treatment, particularly
in patient 2. These variations in body weight may have contributed, at least partially, to the
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facial soft-tissue changes detected by 3D stereophotogrammetry. Therefore, the observed
morphological variations should be interpreted as the result of multiple interacting factors,
including treatment-related nutritional changes.

However, it is important to acknowledge that other contributing factors may have
influenced the observed volumetric changes. While acute volume loss is strongly linked to
weight reduction and mucositis, the late-phase volume gain observed at T2 could also be
associated with post-radiotherapy inflammatory processes and medication-related fluid
retention, such as the use of corticosteroids for symptom management. Although these
factors were not specifically quantified in this study, they represent potential confounders
that should be considered alongside lymphedema and weight recovery when interpreting
late-onset morphological shifts.

Another limitation of this report is the absence of quantitative Patient-Reported Out-
comes. Future longitudinal studies with larger cohorts should integrate 3D morphometric
data with validated scales to statistically correlate objective tissue changes with subjective
psychological distress and quality of life. In addition, the follow-up interval was limited
to 6 months post-RT initiation. While this timeframe allowed for the detection of acute
volume loss and early-onset swelling, late radiation effects such as progressive fibrosis and
chronic lymphedema often follow a more protracted clinical course, potentially manifesting
or worsening between 12 and 24 months after treatment and consequently, our findings
reflect the early post-therapeutic phase.

A further limitation is that 3D stereophotogrammetry requires specialized equip-
ment, dedicated software, and trained personnel, which may increase costs and limit its
widespread use in routine clinical practice.

Future longitudinal studies with extended follow-up are essential to investigate the
long-term persistence of these soft-tissue changes and to identify late-onset morphological
alterations that may affect patients’ facial aesthetics and functional outcomes over time.
Moreover, studies including larger cohorts will be necessary to correlate the quantitative
measurements obtained through 3D stereophotogrammetry with clinical findings and
patient-reported outcomes. Establishing such correlations could help to define clinically
significant thresholds for soft tissue variation and clarify how such measurements might
support clinical monitoring and decision-making in patients undergoing radiotherapy for
head and neck cancer, whilst presenting a feasible and reproducible protocol for facial
surface acquisition, alignment, and landmark-based comparison.

5. Conclusions
The present case report suggests that radiotherapy, also in the absence of surgical

intervention, can be associated with progressive, region-specific changes in facial and
cervical soft tissues in patients with HNC. However, these morphological variations should
be interpreted cautiously, as they may reflect the combined influence of several treatment-
related factors, including systemic therapies and changes in nutritional status and body
weight during treatment. Consequently, no causal inference can be drawn, and the findings
should be considered as purely associative. The morphological changes occurred in a
complex clinical context in which radiotherapy was accompanied by treatment-related
weight fluctuations, nutritional changes, lymphoedema and oral side effects, all of which
may have contributed to the soft tissue alterations detected.

Nevertheless, this report also highlights the potential of 3D photogrammetry in detect-
ing and quantifying soft tissue changes over time, providing a valuable tool for non-invasive
and rapid monitoring.
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