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Abstract

Background: Maxillofacial trauma can impair crucial functions of the stomatognathic
system. Mandibular condyle fractures, in particular, often lead to temporomandibular
joint (TMJ) dysfunction. Methods: This study evaluated the effectiveness of open rigid
internal fixation (ORIF) in restoring TMJ function, using the Helkimo Index to compare
pre- and post-operative outcomes. Results: A total of 395 patients who underwent ORIF
for condylar fractures were analyzed (302 males, 93 females). TM] function improved
significantly from baseline to 6-month follow-up (p < 0.001), with a mean reduction of
2.18 grades on the Helkimo Index. Higher post-operative Helkimo grades (2-3) occurred
more frequently during warm months than during cold months (p < 0.05). Low body mass
index (BMI) was associated with a greater risk of post-surgical TM] dysfunction (p < 0.001).
TM]J function correlated with facial nerve recovery: patients with poorer pre-operative TM]
function showed additionally slower facial nerve recovery during the first five months
after surgery. Age, gender, place of residence, injury characteristics, comorbidities, delay
of surgery, duration of surgery, surgical approach, fixing material and laboratory blood
tests showed no significant association with post-operative TMJ] function. Residual TM]
dysfunction was observed in 3% of treated patients (Di = 3). Conclusions: ORIF, combined
with appropriate post-operative physiotherapy, effectively restores TMJ function after
condylar fractures—including severe injuries. Simple clinical indices such as the Helkimo
Index reliably capture functional improvement.

Keywords: condyle; mandible; open rigid internal fixation; surgery; temporomandibular
joint; Helkimo Index; complication; rehabilitation

1. Introduction

Nowadays, when medicine is becoming increasingly advanced, the treatment of bone
fractures must meet several essential requirements: restoration of bone continuity and sta-
bility [1], preservation of proper joint [2], muscle [3—6], and nerve function [7], achievement
of satisfactory esthetic outcomes with minimal or no scarring [8], and establishment of
conditions that promote complete healing [9]. In maxillofacial surgery, meeting all these
requirements is particularly challenging in many cases [10]. Among maxillofacial injuries,
mandibular fractures are the most common [11-13]. Fractures of the mandible directly
affect many functions of the facial region, and condylar fractures are considered particularly
difficult to manage due to their complex anatomical and functional implications [14].

Dent. J. 2025, 13, 562

https:/ /doi.org/10.3390/dj13120562


https://doi.org/10.3390/dj13120562
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/dentistry
https://www.mdpi.com
https://orcid.org/0009-0007-5558-8066
https://orcid.org/0009-0007-9126-4931
https://orcid.org/0000-0001-9200-2828
https://doi.org/10.3390/dj13120562
https://www.mdpi.com/article/10.3390/dj13120562?type=check_update&version=1

Dent. J. 2025, 13, 562

20f21

The treatment of condylar fractures should be based on minimally invasive and precise
techniques to minimize the risk of facial nerve injury [15,16], ensure proper occlusion [17],
prevent unaesthetic salivary fistulas [18], and minimize visible scarring [19]. In selected
cases, endoscopic approaches may be applied [20-22]. Although esthetic outcomes are
important, surgeons must also prioritize the restoration of functional integrity of the
stomatognathic system [23].

The condylar region presents specific surgical challenges due to its small size and
difficult anatomical location [24,25]. The condylar head forms an integral structural and
functional component of the temporomandibular joint (TM]) [26]. The TM] is covered by a
different type of cartilage tissue—fibrocartilage—whereas most joints in the musculoskele-
tal system are covered by hyaline cartilage [27]. Fibrocartilage is characterized by high
resistance to both compression and tensile forces [28-30]. This type of cartilage is also
found in the intervertebral disks, which are known to be well adapted to withstand heavy
loads and pressure [31,32]. The TM]J is also a highly specialized joint in the human body;
movement of one TM] inevitably induces movement in the contralateral joint, as both are
connected through the mandible [33,34]. Consequently, impairment of one TM] leads to
compensatory overloading of the other, which increases the risk of secondary dysfunction.

The functional significance of the TM]J is considerable, as it enables fundamental
life activities [33] such as chewing, speaking, swallowing, and even partially breathing.
Therefore, post-operative care should include systematic assessment and monitoring of
TM] function, as overlooking complications [35,36] may lead to serious TM] disorders such
as joint ankylosis or mandibular head resorption [37,38]. Disturbed TMJ function in many
patients manifests as trismus and/or muscle and facial pain. Clicking and crackling sounds
in the temporomandibular joint are also frequently observed [39-41]. TM] disorders may
additionally affect skeletal conditions [42], interfering with posture, respiratory function, or
even pelvic alignment [43]. Altered muscle—fascia chain tension may, therefore, influence
the entire body.

The useful tool to perform TM] examination is the Helkimo Index, which is a widely
used, reliable, and easy-to-perform clinical assessment system designed to evaluate tem-
poromandibular joint (TM]) function, compare pre- and post-operative outcomes, and
maintain standardization in clinical documentation. The index, originally developed by
Helkimo in 1974 [44] to provide a comprehensive evaluation of the stomatognathic system,
is one of the most commonly applied instruments in dentistry, maxillofacial surgery, and
stomatognathic rehabilitation.

The original Helkimo Index consists of three components: the Anamnestic Index (Ai),
which records subjective symptoms reported by patients; the Occlusal Index (Oi), which
evaluates occlusal disturbances; and the Clinical Dysfunction Index (Di), which clinically
assesses TM] function across five domains—range of mandibular movement, joint function,
muscle pain on palpation, joint pain on palpation, and pain during mandibular movement.
Among these components, the Clinical Dysfunction Index (Di) has become the most widely
used in contemporary research and clinical practice, particularly in maxillofacial surgery
and TM]J rehabilitation.

The aim of this study was to evaluate the effectiveness of ORIF combined with physio-
therapy to restore TM] function after mandibular condylar fracture and to identify potential
risk factors influencing post-operative functional outcomes.

2. Materials and Methods

Medical records were reviewed to extract retrospective descriptive data on patients
treated for mandibular condylar process fractures between 2017 and 2024. Patients were
identified in the hospital medical database, and all data were anonymized prior to analysis.
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Institutional approval was obtained before data collection. The study design followed
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [45]. As the study was retrospective, the sample size was determined by the
number of patients meeting all inclusion criteria.

The inclusion criteria were: a confirmed diagnosis of mandibular condylar process
fracture, treatment with ORIF, and attendance at 6-month follow-up appointments. The
exclusion criteria were: closed treatment, incomplete medical history, missing follow-up ap-
pointments, bruxism in the pre-injury medical history, pre-injury TM] dysfunction, history
of head and neck cancer, metabolic bone disease, and a history of orthognathic surgery.

After physical and radiological examination, mandibular condylar process fractures
were classified into six diagnostic categories: basal, low-neck, high-neck, and head fractures
(types A, B, or C) [46—48]. The severity of the injury was determined according to the AO
CMEF classification system, level 3 [49] (Figure 1). Temporomandibular joint (TM]) function
was assessed using the Helkimo Clinical Dysfunction Index (Di) (from 0: no dysfunction
to 3: severe dysfunction) (Table 1) [44] (Figure 2), and facial nerve function was evaluated
according to the six-grade House-Brackmann scale (from 1: normal nerve function to 6:
total loss of function) [50].

All patients underwent ORIF under general anesthesia with nasal intubation. Pre-
operative antibiotic prophylaxis was administered in cases of concomitant open fractures.
The surgical approach selected for operative management was closely related to the location
of the fracture, particularly the height of the fracture. Basal fractures were treated using
several approaches, including the retromandibular, periangular, and intraoral endoscopic-
assisted approach, as well as variants of classic approaches. Low-neck fractures were most
often managed using a preauricular approach extended downward, whereas high-neck
fractures were typically treated using a preauricular approach extended upward. Condylar
head fractures, known to be the most challenging to access and reduce, were managed using
approaches such as the auricular, preauricular, and retroauricular approaches. In all cases,
the final choice of approach depended on the specific characteristics of the fracture. ORIF
was achieved using different types of fixation materials. In our clinic, ACP plates, XCP
plates, straight plates, and compressive screws were used (ChM, Juchnowiec Koscielny,
Poland; www.chm.eu, accessed on 13 November 2025). The crucial objective of open
surgical treatment for condylar fractures was to achieve accurate anatomical reduction and
stable rigid fixation. In all cases, the surgeons aimed to minimize the interfragmentary gap
as much as possible, maintaining it at a hairline width. Achieving such close adaptation of
the bone fragments was considered a fundamental condition for optimal fracture healing
(Figures 3-5).

During hospitalization, facial nerve function was assessed and wound care was pro-
vided (Figure 6). Skin sutures were removed after 7-10 days. At follow-up visits, facial
nerve and TM]J function, as well as possible complications, were examined, and patients
with complications received appropriate treatment (Figure 7). At six-month follow-up after
surgery, radiological control was performed.
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Figure 1. A typical case of mandibular injury. Computed tomography scan performed prior to
treatment. The red arrow indicates a fracture at the base of the mandibular condyle. The yellow arrow
indicates an additional fracture in the contralateral mandibular body. This is an epidemiologically
typical situation [51]. A fracture of the mandibular condyle very frequently occurs together with
another fracture of the mandible. The coexistence of two fracture lines causes significant instability of
bone fragments and causes typical malocclusion.

Table 1. The Clinical Dysfunction Index (Di) assesses five domains of temporomandibular joint
function, each scored as 0, 1, or 5 points. The total score (0—25) defines the severity of dysfunction,
with Maximum Interincisal Opening (MIO) > 40 mm and lateral movements > 7 mm considered
normal. The Anamnestic Dysfunction Index (Ai) and the Occlusal Index (Oi) were not applied in this
study [44,52].

Domain

Score 0 Score 1 Score 5

A. Range of mandibular
movement

Normal opening and
excursions Slightly reduced opening Severely restricted
(MIO > 40 mm, lateral or lateral movement mandibular movements
movements > 7 mm)

B. TMJ function Smooth, symmetrical Deviation or clicking Locking, severe deviation,
(movement) movements during opening/closing or crepitus
C. Muscle pain on . Mild tenderness at 1-2 Severe pain in >3 muscle
. No pain . .
palpation muscle sites sites
D. TM]J pain on palpation No pain Mild unilateral TM] pain Severe or;aliliteral ™
E. Pain during mandibular . Mild pain during Severe pain during
No pain : .
movement opening/closing movement

Interpretation of Total Score

Total Scores Gradual interpretation Clinical interpretation
0 Di0 No dysfunction
1-4 Dil Mild dysfunction
5-9 Di2 Moderate dysfunction
10-25 Di3 Severe dysfunction

Abbreviations: TMJ—temporomandibular joint; Di—dysfunction index.
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Figure 2. Post-traumatic malocclusion. The mandible is divided into three pathological parts. The
proximal fragments are displaced upward, while the distal fragment (the middle one) is displaced
downward. This results in a completely open bite with dental contact only on the last teeth in the
dental arch (red arrow). Please also note the break in the occlusal line resulting from an open fracture
of the mandible on the left side (yellow arrow).

Figure 3. Intra-operative view (retromandibular transparotid approach). The most commonly ob-
served finding is lateral displacement with overlapping bone fragments (see left side). Osteosynthesis
was performed using an XCP plate designed for fixation of the right side (see right side).
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Figure 4. Open rigid internal fixation was performed using a dedicated plate in the right condylar
process (red arrow) and two straight plates of the 2.0 system on the left side of the mandibular body
(yellow arrow).

Figure 5. Occlusion immediately after fixation (intraoperative photo). Pre-trauma occlusal conditions
have been restored.

Figure 6. Facial expressions two days after surgery. Weakness of the mandibular marginal branch of
the left facial nerve. This is related to fixation of the mandibular body.
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Figure 7. Occlusal conditions 4 weeks after completion of treatment.

Physiotherapy was implemented to restore the full function of the stomatognathic
system (Figure 8). Post-operative physiotherapy was divided into four phases (Figure 9).
In the first phase, the primary therapeutic objectives were to prevent akinesia and to reduce
edema that could impair local microcirculation [53] or exert compressive effects on periph-
eral nerve branches. To achieve these goals, rehabilitation included lymphatic drainage,
facial muscle exercises, isometric exercises, and active movements performed within a
pain-free range [54]. The second phase expanded the therapy with manual techniques
and biofeedback training, supporting proper tissue healing by preventing intertissue ad-
hesions and restrictive scar formation. In both early phases, physical modalities were
used to facilitate tissue remodeling and the restoration of functional fiber integrity. Low-
frequency magnetic field therapy was applied from the first phase (acute stage: 1-5 Hz,
0.5-3 mT; subacute stage: 5-20 Hz, 3-5 mT; rectangular pulse; 3045 min), with gradually
increasing impulse strength every 2-3 sessions. Low-level laser therapy was introduced
in the second phase to enhance tissue regeneration and microcirculation (100400 mW,
fwavelength 635 nm, 1-4 J/cm?, applied using a sweeping technique). Both modalities
were administered in two-week stimulation cycles alternating with two-week breaks to
prevent habituation to the therapeutic stimulus. The third phase of physiotherapy aimed
to restore full mandibular range of motion, recover the function of the affected peripheral
nerve branches, and evaluate both the quantitative and qualitative characteristics of TM]
intra-articular mechanics [55]. In addition to the previously introduced manual therapy
and home exercise programs, this phase incorporated exercises designed to maximize
the expansion of free mandibular movements, targeted manual mobilization of muscles
and joints, and both concentric and eccentric strengthening exercises. The fourth phase
represented a continuation and progression of the third-phase therapeutic objectives, fo-
cusing primarily on achieving full, functional TM] mobility and restoring normal loading
capacity in accordance with the biomechanical tolerance and remodeling capacity of the
healing tissues.
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Fracture of the mandibular condylar process

'

Qualification for surgical procedure
(Decision on surgical or conservative treatment)

cedure

(Open reduction and o o etumsdl eondyleﬂ

e
Stage I (0—4 weeks)
* As above
» Biofeedback abduction/laterotrusion
» Gentle compression with cotton roll
» Myofascial therapy
Adjunct: low-frequency magneticld therapy

v

Stage II (4—8 weeks)
 As above
» Biofeedback abduction/laterotrusion
- Gentle compression with cotton roll
Myofascial therapy
Adjunct: magnetic field + laser therapy

Stage IV (3—6 months)
« Therapy as above
« Progressive adaptation to full functional load
» Complete bone remodeling

Figure 8. Flowchart illustrating the treatment-rehabilitation process after condylar fracture. During
the first stage of rehabilitation, low-frequency magnetic field therapy was applied in two-week cycles
of stimulation alternating with two weeks of rest. During the second stage of rehabilitation, low-
frequency magnetic field therapy combined with low-level laser therapy was applied in two-week
cycles of stimulation alternating with two weeks of rest, initiated after the onset of neovascularization

and regeneration of the periosteum.

Figure 9. Facial expressions after physiotherapy treatment. Full function was restored within 4 weeks
after treatment.

Medical data were categorized into five groups: demographic and anthropometric
data (age, gender, body mass index [BMI], place of residence); injury characteristics (injury
reason, use of intoxicants, fracture diagnosis, number of mandibular fractures, month
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of injury); treatment characteristics (initial place of treatment, delay to surgery, duration
of surgery, surgical approach, fixation material); comorbidities and laboratory findings
(comorbidities, pre-operative hemoglobin level [HGB], pre-operative white blood cell
count [WBC]); and post-operative outcomes and complications (TM] function, periau-
ricular skin desensitization, facial nerve function, salivary fistula, intraoperative facial
nerve neurotmesis).

The statistical analysis was performed using Statgraphics Centurion 18 (Statgraphics
Technologies, Inc., The Plains, Warrenton, VA, USA; www.statgraphics.com, accessed
on 23 September 2025). The analysis was based on data from 395 patients. Descriptive
statistics were used to summarize the distribution and central tendency of quantitative
variables. The non-parametric Kruskal-Wallis test, followed by Bonferroni-adjusted post
hoc comparisons, was used to assess differences in medians among subgroups. Changes in
the Helkimo Dysfunction Index before and after treatment were assessed using the sign
test for paired samples, testing the hypothesis of median equality. Associations between
categorical variables and treatment outcomes were analyzed using the Chi-square test of
independence. To evaluate the impact of clinical factors on Helkimo Dysfunction Index
values before and after surgery, simple linear regression analyses were performed to assess
the associations between the Helkimo Dysfunction Index and the House-Brackmann scale
at different time points. A p-value < 0.05 was considered statistically significant. Missing
data were not imputed; all analyses were performed using a complete-case approach. To
assess whether missing data could have influenced the reliability of statistical inference, a
priori sample size estimations and post hoc power analyses were performed for all main
statistical procedures applied in the study. These included the one-way ANOVA (and the
Kruskal-Wallis test for non-normally distributed continuous variables), the Chi-square test
(and Fisher’s exact test for categorical variables with low expected counts), and correlation
or simple linear regression analyses (Pearson’s or Spearman’s, as appropriate) [56-58].

3. Results

The observational study analyzed medical records of 395 patients who underwent
surgical treatment for mandibular condylar process fractures. In this cohort, the male-to-
female ratio was 302:93. Male patients were significantly younger (mean age: 38 % 15 years)
compared with female patients (mean age: 46 & 20 years), as determined by the Kruskal-
Wallis test. The comparison of Helkimo Di measured pre-operatively (pre-op) and 6 months
post-operatively (post-op) showed significant differences in TM] function before and after
surgical treatment with rehabilitation. Pre-op scores were distributed as follows: Di 0—0%,
Di 1—1.8%, Di 2—17.2%, and Di 3—81%. At the 6-month follow-up, the distribution had
shifted markedly: Di 0—63%, Di 1—17%, Di 2—17%, and Di 3—3% (Figure 10a,b). The
mean pre-op score was 2.79 £ 0.45 (median 3.0; 95% CI: 2.75-2.84), whereas the post-op
score decreased to 0.61 £ 0.89 (median 0; 95% CI: 0.52-0.71). The mean difference was
2.18 (95% CI: 2.08-2.28), confirming a statistically and clinically significant improvement in
TM] function and demonstrating the high effectiveness of surgical treatment of mandibular
condylar fractures.

A statistical analysis of five main categories of potential risk factors influencing post-op
TM]J function was performed: demographic and anthropometric data (age, gender, BMI,
place of residence); injury characteristics (injury reason, intoxicants, fracture diagnosis,
number of injured condyles, number of mandible fractures, month of injury); treatment
characteristics (initial place of treatment, delay of surgery, duration of surgery, surgical ap-
proach, fixation material in detail); comorbidities and laboratory blood tests (comorbidities,
pre-op HGB, pre-op WBC count); and post-op outcomes (salivary fistula, periauricular skin
desensitization, facial nerve intraoperative neurotmesis) (Table A1l). In total, 23 factors were
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examined, but only two reached statistical significance: BMI and month of injury, while
the remaining factors did not. Patients categorized as grades 2-3 according to the Helkimo
Di had lower BMI values than those categorized as grades 0 or 1 (p < 0.001). Moreover, a
higher proportion of patients with post-op Helkimo Di grades 2 or 3 was observed among
those who sustained injuries during the spring-summer period (p < 0.05). Notably, grade 3
was recorded only in seven months of the year, namely May, June, July, August, September,
October, and November. A markedly lower number of patients presenting with Post-op
significant signs of TM] dysfunction (Helkimo Di grades 2-3) was observed 6 months after
surgery among those who sustained injuries in the winter months, specifically December,
January, and March (Figure 11).

Distribution of patients by Helkimo Index Pre-op Distribution of patients by Helkimo Index Post-op

250

Number of Patients
= N
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o o
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Helkimo 0
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Helkimo Index Pre-op group Helkimo Index Post-op group
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Figure 10. Comparison of number of patients with two groups assessed using Helkimo Clinical
Dysfunction Index measured pre-operatively (a) and post-operatively (b). Significant differences
are observed in the distribution of Helkimo Index grades between the two groups. The significant
improvement in TMJ function is demonstrated (p < 0.001). Abbreviations: Pre-op—pre-operatively;
Post-op—operatively.

Distribution of Helkimo Index Grades by Month of Injury (Post-op)
(sorted by share of grades 2-3)
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Figure 11. The figure presents the distribution of all the Helkimo Index grades among the examined
patients, showing the frequency of each grade in every month of the year. The months are ordered
according to the proportion of grades 2-3. The vertical axis indicates the percentage of patients,

while the horizontal axis represents the months of the year. A statistically significant association was
observed (p < 0.05). Abbreviations: Post-op—post-operatively.

To examine the potential influence of facial nerve function on TM] function, logistic
regression analysis was performed. The evaluation compared House-Brackmann scale
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scores during the 6-month follow-up with both pre-op and post-op Helkimo Index scores.
The correlation between post-op facial nerve function and post-op Helkimo Index scores did
not reach statistical significance in any of the follow-up months. Therefore, no association
was found between post-op facial nerve function, assessed using the House-Brackmann
scale, and TM]J function, evaluated according to the Helkimo Index.

The situation differed when post-op facial nerve function was correlated with pre-
op Helkimo Index scores. In our study, patients with higher House-Brackmann scale
grades were more likely to have previously presented with higher pre-op Helkimo Index
scores after injury. The strength of this association showed an increasing tendency from
the first to the second month, with the lowest p-value observed in the second month
(02M, p < 0.01), indicating the strongest statistical significance during the entire follow-up.
In the third month (03M, p < 0.01), the correlation still had high statistical significance,
confirming the relationship between impaired facial nerve function and more severe pre-op
TMJ dysfunction (Table 2). However, from that point onward, a gradual decline in the
correlation was observed. By the sixth month of follow-up, the statistical significance
had disappeared (p = 0.151), suggesting that the initial relationship between facial nerve
impairment and pre-op TMJ dysfunction diminished over time, most likely as a result of
healing and rehabilitation processes affecting both the TMJ and the facial nerve.

Table 2. The table presents the correlation coefficients and corresponding p-values for the association
between pre-op Helkimo Index and post-op facial nerve function assessed during follow-up visits.

Month Follow-Up Correlation Coefficient p-Value
00M 0.091 0.077
01M 0.143 0.007
02M —0.171 0.002
03M —0.159 0.004
04M —0.137 0.014
05M 0.119 0.035
06M 0.082 0.151

Abbreviations: 00M—immediately post-op; 01M, 02M, 03M, 04M, 05M, 06M—1, 2, 3, 4, 5, 6 months post-op.
Statistically, significant values (p < 0.05) are indicated in bold.

Analyzing the statistical data allows for a more detailed characterization of the Di
3 grade post-operative group (2). The total number of patients was 12 (8 males and
4 females). The most frequent cause of injury was assault (4 cases). The predominant
type of fracture was a basal fracture (6 cases). In most patients, bilateral fractures were
observed (10 cases). The mean delay from injury to surgery was 24 days (compared with
9 days in the total cohort), representing the longest delay among all four Helkimo post-
operative grades (Di 0, Di 1, Di 2, and Di 3). The mean duration of surgery was also
the longest among all analyzed groups, with an average of 204 min (compared with 191
min in the total cohort). The most commonly used fixation material was compressive
screws (5 cases). It is important to highlight that these data did not reach statistical signifi-
cance (Table Al); however, they may serve as valuable clinical reference points, facilitate
inter-center comparisons, and provide a basis for future research discussions.

4. Discussion

TM]J dysfunction significantly impacts patients’ quality of life. Therefore, it is crucial
to provide appropriate surgical treatment and post-operative rehabilitation, particularly in
cases of mandibular fractures, and especially fractures of the mandibular condyle, which
constitute a significant proportion of maxillofacial trauma [51,59-62]. This condition is
particularly common among young males [51,59-62]. Although young males are more
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frequently affected in condylar traumatology, in our study neither gender nor age influ-
enced the healing process or post-operative TM] function. These findings are consistent
with reports from several other studies examining TM] disorders [63-65]. In contrast,
research conducted by Leuin et al., who examined a population of children and young
adults, indicated that female gender was a risk factor for post-traumatic TMJ disorders [66].

Current scientific literature widely supports the thesis that surgical treatment of
mandibular condyle fractures provides good functional outcomes [67-69]. This is re-
flected in the significant improvement of TMJ function observed pre-operatively and
post-operatively, as also demonstrated in our study. Such outcomes are achieved through
proper restoration of bony continuity and rigid fixation of the fracture [70], allowing imme-
diate recovery of TM] anatomy after surgery. To ensure optimal results, not only successful
surgery but also appropriate post-operative physiotherapy is recommended [71-73].

Despite the advantages of ORIF, the surgical procedure itself may cause tissue damage,
including disruption of the skin, mucosa, deeper soft tissues, or periosteum, which can
prolong bone healing by compromising one of its key vascular sources [74,75]. Moreover,
surgery carries the risk of infection and inflammation, further disturbing repair. To mini-
mize these risks, the healing process must be carefully managed [76]. Early mobilization
and self-therapy exercises help prevent local akinesia and lymphatic accumulation, re-
ducing the likelihood of fibrosis and tissue stiffening. Controlled compression—traction
stimulation at the fracture site, in line with Delpech-Wolft’s law, together with prevention
of tissue overloading according to the Arndt-Schulz principle, are essential for optimal
recovery [77]. Finally, rehabilitation should aim to prevent adhesions, scars, and abnormal
neuronal activity that may result in hypersensitivity, neuropathy, or neuralgia, including
trigger points [78].

Therapeutic success in the management of mandibular condylar fractures can be
achieved only when both TM] and facial nerve function are fully restored. In our study,
there appeared to be a correlation between the pre-operative Helkimo Index grade and the
post-operative recovery of facial nerve function. This suggests that the more severe the
initial injury, the higher the likelihood of visible post-operative facial nerve dysfunction.
This observation seems to be in line with previously published reports. Pienkohs et al. [79]
demonstrated that greater bone fragmentation is associated with longer surgical procedures.
Other authors have indicated that prolonged procedures increase the risk of post-operative
facial nerve palsy [15,80]. Moreover, more complicated fractures that require extended
operative time necessitate wider tissue dissection, which in turn provokes traction and
mechanical stress on soft tissues [81]. In addition, Cheng et al. [82] identified prolonged
operative time as a significant risk factor for post-operative wound infection. Taken together,
these findings may help explain the correlation between the pre-operative skeletal condition
and the functional outcome of the facial nerve after surgery.

Proper nutrition plays a fundamental role in the healing of both soft tissues and bone.
An adequate intake of proteins and essential minerals is crucial for creating optimal condi-
tions for recovery [83-85]. One of the parameters commonly used to evaluate overall nutri-
tional status is BMI [86]. Evidence in the medical literature indicates that lower BMI values,
often reflecting insufficient nutritional intake, are associated with delayed or impaired
healing processes and may increase the risk of post-operative complications [18,87-91]. For
example, Demling demonstrated that adequate nutritional support is a critical component
of the healing process, whereas protein—energy malnutrition can lead to serious complica-
tions and significantly hinder tissue repair [92]. The findings reported by Karpouzos et al.
indicate that inadequate intake of essential vitamins, nutrients, and minerals can adversely
affect bone healing throughout the post-fracture recovery period [93]. The research con-
ducted by Stechmiller demonstrated that nutritional deficiencies may be associated with
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reduced wound tensile strength and an increased incidence of infection [94]. Numerous
studies have shown that low BMI may coexist with impaired muscle strength and reduced
physical performance [95,96]. Moreover in more severe cases, a lower BMI can also be
associated with the development of sarcopenia [97,98]. Our observations are consistent
with numerous scientific reports indicating that lower BMI is associated with less favorable
recovery—in our case, the recovery of TM] function. Similar results were documented in
another study conducted on the same patient cohort from the same clinic, where low BMI
values were linked to a longer duration of salivary fistula treatment when this complication
occurred [18].

Summer is typically associated with a higher incidence of maxillofacial trauma [99,100].
During this period, injuries from bicycle [101], e-scooter [102], and sports accidents [103,104]
occur more frequently, particularly among children and young adults [100]. The study con-
ducted by Davis and Denaley, which compared bicycle-related injuries during the winter
and summer seasons, indicated a significantly higher incidence of injuries in summer,
reaching an 8:1 ratio of summer to winter cases [105]. Blomberg et al., in their study exam-
ining electric scooter-related injuries, also demonstrated a clear peak in injury incidence
during the summer months compared with the winter period [106]. Moreover, the findings
of a 16-year analysis of equestrian injuries by Meredith et al. also demonstrated that the
incidence of injuries was significantly higher during the summer months compared with
the winter period [107]. The findings of Vongsachang et al. are in line with previous
research, as the authors demonstrated that every 10 °C increase in outside temperature was
associated with a 24% increase in the probability that a fall would be injurious. Moreover,
the ratio of injurious summer falls to winter falls clearly indicated that the summer season
is more strongly associated with injury risk [108]. In our cohort, the greater number of
cases with post-operative TM] impairment recorded during the warmer months may reflect
both the overall increase in accidents and a shift toward more severe injuries in summer.
This is likely reflected in poorer post-operative Helkimo Index outcomes. In addition,
environmental factors specific to summer—such as elevated ambient temperatures—may
negatively affect the healing process [109]. Heat exposure has been associated with greater
tissue edema and prolonged inflammatory responses, potentially contributing to delayed
wound healing and greater discomfort [110]. These factors may impair functional recovery
and partly explain the worse clinical outcomes observed in this group.

This study has several important limitations. First, the examined period included
the COVID-19 pandemic, during which hospital regimens differed markedly from stan-
dard practice, treatment and rehabilitation protocols were modified due to governmental
restrictions, and the overall attitude of many patients towards treatment was different
from usual [111-116]. Second, the retrospective design of this study was associated with
incomplete medical records and variability in patient examinations, surgical procedures,
and medical history documentation, which were performed by different physicians over a
7-year period. This resulted in missing data that may have influenced the statistical out-
comes and introduced a potential bias in data collection. The sample size was determined
by the availability of medical records. Finally, this was a single-center study based on one
population from a single country, which may limit the generalizability of the findings.

Further research is warranted to replicate and expand these findings in larger and
more diverse cohorts, as the current evidence may not fully reflect the variability across
different patient populations. Future investigations should particularly aim to include
participants with varied demographic and clinical backgrounds to strengthen the external
validity of the results. The authors also encourage future researchers to examine vitamin
D levels both pre- and post-operatively. Moreover, multi-institutional collaborations are
strongly recommended, as they would provide broader representation, minimize the
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risk of institutional bias, and enhance the generalizability of the conclusions to wider
clinical settings.

5. Conclusions

Although maxillofacial trauma is common and may lead to significant dysfunction
of the stomatognathic system, such as TM] impairment caused by mandibular condylar
process fractures, proper ORIF combined with adequate post-operative physiotherapy can
restore TMJ function and re-establish overall stomatognathic system performance, even in
severe cases. Functional outcomes of the TM] can be reliably assessed using the Helkimo
Index, allowing for direct comparison of pre- and post-treatment results.
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Appendix A

Table Al. The original statistic data evaluation for potential factors influencing Post-op TM]
function—measured in Helkimo Dysfunction grades (0-3).

HO (Mean H1 (Mean H2 (Mean H3 (Mean

Variable Variants Available N + SD/%) + SD/%) + SD/%) + SD/%) p-Value
39.89 + 41.08 £ 40.39 + 40.75 +
Age [years]  Full cohort 395 1736 16.04 14.97 11.44 p =0.796
Female 12.91% 4.56% 6.08% 1.01% _
Gender Male 395 49.87% 12.41% 11.14% 2.03% p=0.082
[kgl/v[rrllz] Full cohort 382 23.12 +4.25 24.60 +4.18 21.54 +3.88 23.22 £ 3.75 p<0.001
Residence Rural 19.24% 3.54% 4.30% 1.77% _
place Urban 395 43.54% 13.16% 13.16% 1.52% p=0.16
Assault 20.89% 4.46% 6.96% 1.11%
Ini Fall 24.79% 6.69% 6.96% 0.84%
jury Sports 359 1.11% 0.28% 0% 0% p = 0.409
reason Vehicle 13.65% 4.46% 3.62% 0.84%
Workplace 2.23% 0.84% 0% 0.51%

. No 36.31% 10.34% 9.22% 2.51% _
Intoxicants Yes 358 26.54% 6.42% 8.10% 0.56% p=0325
CHF A 0.56% 0% 0% 0%

CHF B 6.13% 0.84% 0.56% 0%

Fracture CHF C 16.43% 5.57% 5.57% 1.11%
di . . 359 o o o o p=0.671
iagnosis ~ High—neck 1.39% 0.84% 1.11% 0.28%
Low—neck 6.41% 1.11% 2.23% 0.28%
Basal 31.75% 8.36% 7.80% 1.67%
Number of  Unilateral 19.78% 5.01% 6.69% 0.56% ~
injured ) 359 . . . . p=0.439
condyles  Bilateral 42.90% 11.70% 10.58% 2.79%
ber of 1 Fracture 20.06% 5.29% 4.74% 1.39%
Num d_eglo 2 Fractures 259 24.79% 6.41% 7.52% 1.67% — 0.830
Ifna“ 1€ 3 Fractures 16.43% 4.56% 5.01% 0.28% p=5
ractures 4 practures 1.39% 0.56% 0% 0%
January 4.56% 1.01% 0% 0.25%
February 0.76% 0.25% 0.25% 0%
March 4.30% 0.51% 0.25% 0%
April 3.54% 0.76% 2.78% 0%
May 5.32% 2.53% 1.77% 0.51%
Month of June 5.32% 2.78% 1.01% 0.51% _
injury July 395 8.35% 0.76% 3.29% 0.51% p=0015
August 9.87% 1.01% 3.54% 0.25%
September 7.34% 2.53% 1.01% 0.51%
October 5.23% 0.51% 2.03% 0.25%
November 4.30% 0.51% 0.76% 0.25%
December 4.30% 3.04% 0.25% 0%
: Another o o o o
Place of first center 395 4.56% 2.53% 1.01% 0.25% p= 0.240
treatment Own
58.23% 14.18% 16.20% 3.04%

patient
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. . Available HO0 (Mean H1 (Mean H2 (Mean H3 (Mean
Variable Variants N +SD/%) +SD/%)  +SD/%)  +SD/%)  P-value
Delay of Surgery 8.24 + 8.07 + 24.42 + _
[days] Full cohort 395 703 512 9.79 £+ 11.66 50.96 p=0.898
Duration of
187.24 + 196.85 + 195.25 + 204.09 + B
Sgrgery Full cohort 395 83.38 8715 8220 90.47 p=0.702
[minutes]
Auricular 0.84% 0% 0% 0%
Extended
preauricu- 17.27% 4.46% 5.57% 1.39%
lar
Sureical Extended
a rgoach retro- 359 5.85% 1.95% 3.34% 0.28% p=0424
pp mandibular
Intraoral 2.23% 1.95% 0.28% 0.28%
Periangular 1.67% 0.28% 0.28% 0%
Preauricular 19.22% 5.01% 3.62% 0.56%
Retroauricular 0.84% 0.56% 0.25% 0%
Retromandibular 14.76% 2.51% 3.90% 0.84%
Generally o o o o
healthy 46.20% 9.01% 10.99% 1.41%
1 Disease 12.39% 5.07% 4.79% 1.13%
Comorbidity 2 Diseases 355 2.54% 1.97% 0.85% 0.28% p=0.175
3 Diseases 1.69% 0.85% 0.28% 0%
4 Diseases 0.28% 0% 0% 0%
5 Diseases 0% 0% 0.28% 0%
Pre-operative 14.14 £ 14.13 &+ _
HGB [g/dL] Full cohort 395 Lel 154 13.99 +1.98 14.10 + 1.68 p=0.926
Pre-operative 8.01 & 7.86 + _
WBC [x10°/L] Full cohort 395 329 303 8.48 +3.18 8.11 £2.02 p =0.488
1 Screw 1.44% 2.88% 1.44% 0%
Screw number 2 Screws 139 43.32% 12.23% 12.95% 2.16% —0.174
for CHF 3 Screws 11.51% 3.60% 2.88% 1.44% p="u
4 Screws 0.72% 0% 1.44% 0%
Screw material Magnesium 139 5.76% 0.72% 2.88% 0% — 0461
for CHF Titanium 53.82% 17.99% 15.83% 3.60% p=5
Compressive 22.82% 7.61% 7.04% 1.41%
SCrews
XCP plate 3.66% 0.85% 0.28% 0.56%
ACP plate 22.78% 4.23% 6.20% 1.13%
Fixing material ~ © otright 355 1.13% 0.28% 0.28% 0% p=0.661
plates
2 Straight 12.11% 3.10% 3.10% 0.28%
plates
1 Straight 0.28% 0.56% 0.28% 0%
plate
. . Yes 5.57% 1.11% 1.39% 0.28% B
Salivary fistula No 359 57.10%  15.60% 15.88% 3.06% p=0.957
Periauricular Yes 11.14% 4.18% 3.62% 0.56%
skin 359 p=0.631
desensitization NO 51.530/0 12.530/0 13.650/0 2.790/0
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Table Al. Cont.

Available HO0 (Mean H1 (Mean H2 (Mean H3 (Mean

Variable Variants N +SD/%) +SD/%)  +SD/%)  +SD/%)  P-value
_ Facial nerve Yes 1.39% 0.28% 0.28% 0%
intraoperational 359 p =0.943
neurotmesis No 61.28% 16.43% 16.99% 3.34%

Values are presented as mean =+ standard deviation (SD) for continuous variables and n (%) for categorical
variables. Available N indicates the number of cases for each variable; denominators may differ across variables.
The variables “Screw number for CHF” and “Screw material for CHF” have full N = 139, as they apply exclusively
to patients with condylar head fractures. Abbreviations: HO, H1, H2, H3—successive grades of the Helkimo
Dysfunction Index grades; CHF—Condylar Head Fracture. Statistically, significant values (p < 0.05) are indicated
in bold.

References

1.  Williams, K.E.; Harrer, ].A.; LaBelle, S.A.; Leguineche, K.; Kaiser, J.; Karipott, S.; Lin, A.; Vongphachanh, A.; Fulton, T.; Rosenthal,
J.W.,; et al. Early Resistance Rehabilitation Improves Functional Regeneration Following Segmental Bone Defect Injury. npj Regen.
Med. 2024, 9, 38. [CrossRef] [PubMed]

2. Taraldsen, K.; Polhemus, A.; Engdal, M.; Jansen, C.-P.; Becker, C.; Brenner, N.; Blain, H.; Johnsen, L.; Vereijken, B. Evaluation
of mobility recovery after hip fracture: A scoping review of randomized controlled studies. Osteoporos. Int. 2024, 35, 203-215.
[CrossRef] [PubMed]

3. Brzeszczyniski, F.; Hamilton, D.; Dziedzic, A.; Synder, M.; Boriczak, O. Sarcopenia Abdominal Muscle Mass Index Assessment
Informs Surgical Decision-Making in Displaced Fractures of the Femoral Neck. J. Clin. Med. 2025, 14, 2573. [CrossRef]

4. Brzeszczynski, F; Brzeszczyniska, ].; Duckworth, A.D.; Murray, LR.; Simpson, A.H.R.W.; Hamilton, D.F. The Effect of Sarcopenia
on Outcomes Following Orthopaedic Surgery: A Systematic Review. Bone Jt. . 2022, 104-B, 321-330. [CrossRef]

5. Howard, E.E,; Pasiakos, S.M.; Fussell, M.A; Rodriguez, N.R. Skeletal muscle disuse atrophy and the rehabilitative role of protein
in recovery from musculoskeletal injury. Adv. Nutr. 2020, 11, 989-1001. [CrossRef]

6. Kozakiewicz, M.; Pruszyniska, P. Lateral pterygoid muscle alteration in patients treated surgically due to mandibular head
fractures. J. Clin. Med. 2023, 12, 4789. [CrossRef]

7. Tao, R; Mi, B;; Hu, Y; Lin, S.; Xiong, Y.; Lu, X,; Panayi, A.C,; Li, G.; Liu, G. Hallmarks of peripheral nerve function in bone
regeneration. Bone Res. 2023, 11, 6. [CrossRef]

8. Commander, S.J.; Chamata, E.; Cox, J.; Dickey, RM.; Lee, E.I. Update on postsurgical scar management. Semin. Plast. Surg. 2016,
30, 122-128. [CrossRef] [PubMed]

9. Ganse, B. Methods to accelerate fracture healing: A narrative review from a clinical perspective. Front. Immunol. 2024, 15, 1384783.
[CrossRef] [PubMed]

10. Prysiazhniuk, O.; Palyvoda, R.; Chepurnyi, Y.; Pavlychuk, T.; Chernogorskyi, D.; Fedirko, I.; Sazanskyi, Y.; Kalashnikov, D.;
Kopchak, A. War-Related Maxillofacial Injuries in Ukraine: A Retrospective Multicenter Study. Arch. Craniofac. Surg. 2025, 26,
51-58. [CrossRef] [PubMed]

11. Kaura, S.; Kaur, P; Bahl, R.; Bansal, S.; Sangha, P. Retrospective Study of Facial Fractures. Ann. Maxillofac. Surg. 2018, 8, 78-82.
[CrossRef]

12. Farzan, R.; Farzan, A.; Farzan, A.; Karimpour, M.; Tolouie, M. A 6-Year Epidemiological Study of Mandibular Fractures in
Traumatic Patients in North of Iran: Review of 463 Patients. World J. Plast. Surg. 2021, 10, 71-77. [CrossRef] [PubMed]

13. Motamedi, M.H.; Dadgar, E.; Ebrahimi, A ; Shirani, G.; Haghighat, A.; Jamalpour, M.R. Pattern of maxillofacial fractures: A 5-year
analysis of 8,818 patients. J. Trauma Acute Care Surg. 2014, 77, 630-634. [CrossRef]

14. Kozakiewicz, M. Small-diameter compression screws completely embedded in bone for rigid internal fixation of the condylar
head of the mandible. Br. ]. Oral Maxillofac. Surg. 2018, 56, 74-76. [CrossRef]

15. Agier, P,; Kozakiewicz, M.; Tyszkiewicz, S.; Gabryelczak, I. Risk of Permanent Dysfunction of Facial Nerves After Open Rigid
Internal Fixation in the Treatment of Mandibular Condylar Process Fracture. Med. Sci. 2025, 13, 121. [CrossRef] [PubMed]

16. Liu, F; Giannakopoulos, H.; Quinn, P.D.; Granquist, E.J. Retrospective study of facial nerve function following temporomandibular
joint arthroplasty using the endaural approach. Craniomaxillofac. Trauma Reconstr. 2015, 8, 88-93. [CrossRef]

17. Xu, X.; Zhu, E; Yang, C.; Xu, B.; Yuan, Z.; Zhang, W.; Shi, ]. OCCS Classification and Treatment Algorithm for Comminuted
Mandibular Fractures Based on 109 Patients and 11 Years Experiences: A Retrospective Study. J. Clin. Med. 2022, 11, 6301.
[CrossRef] [PubMed]

18. Agier, P,; Kozakiewicz, M.; Szymor, P. Salivary Fistula as a Complication After the ORIF of a Mandibular Condylar Process
Fracture: A Single-Centre Retrospective Study. J. Funct. Biomater. 2025, 16, 326. [CrossRef]

19. Shin, J.; Kim, Y.; Kim, H.; Park, J.; Yi, H. Postoperative scar management. Kosin Med. J. 2025, 40, 96-105. [CrossRef]


https://doi.org/10.1038/s41536-024-00377-9
https://www.ncbi.nlm.nih.gov/pubmed/39668145
https://doi.org/10.1007/s00198-023-06922-4
https://www.ncbi.nlm.nih.gov/pubmed/37801082
https://doi.org/10.3390/jcm14082573
https://doi.org/10.1302/0301-620X.104B3.BJJ-2021-1052.R1
https://doi.org/10.1093/advances/nmaa015
https://doi.org/10.3390/jcm12144789
https://doi.org/10.1038/s41413-022-00240-x
https://doi.org/10.1055/s-0036-1584824
https://www.ncbi.nlm.nih.gov/pubmed/27478420
https://doi.org/10.3389/fimmu.2024.1384783
https://www.ncbi.nlm.nih.gov/pubmed/38911851
https://doi.org/10.7181/acfs.2024.0074
https://www.ncbi.nlm.nih.gov/pubmed/40335049
https://doi.org/10.4103/ams.ams_73_17
https://doi.org/10.29252/wjps.10.1.71
https://www.ncbi.nlm.nih.gov/pubmed/33833957
https://doi.org/10.1097/TA.0000000000000369
https://doi.org/10.1016/j.bjoms.2017.04.013
https://doi.org/10.3390/medsci13030121
https://www.ncbi.nlm.nih.gov/pubmed/40843743
https://doi.org/10.1055/s-0034-1393726
https://doi.org/10.3390/jcm11216301
https://www.ncbi.nlm.nih.gov/pubmed/36362540
https://doi.org/10.3390/jfb16090326
https://doi.org/10.7180/kmj.25.107

Dent. ]. 2025, 13, 562 18 of 21

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Agier, P,; Szczecinski, D.; Kozakiewicz, M. Endoscope-Assisted or Skin Approached Osteosynthesis of Mandibular Condylar
Fracture—A Comparison. J. Funct. Biomater. 2025, 16, 382. [CrossRef]

Akdag, O.; Sutcu, M.; Yildiran, G.U.; Bilirer, A. Indications for Transoral Endoscopic-Assisted Methods in Condylar Process
Fractures. Turk. J. Plast. Surg. 2020, 28, 9-13. [CrossRef]

Neuhaus, M.T.; Zeller, A.N.; Desch, L.; Miiller, S.; Korn, P.; Wolff, K.D. Endoscopically Assisted Treatment of Condylar Base
and Neck Fractures: A Single Institution Analysis of Outcomes and Complications. J. Maxillofac. Oral Surg. 2021, 20, 665-673.
[CrossRef] [PubMed]

Fanghinel, J.; Gedrange, T. On the Development, Morphology and Function of the Temporomandibular Joint in the Light of the
Orofacial System. Anat. Anz. 2007, 189, 314-319. [CrossRef]

Kozakiewicz, M.; Zieliniski, R.; Krasowski, M.; Okulski, J. Forces Causing One-Millimeter Displacement of Bone Fragments of
Condylar Base Fractures of the Mandible after Fixation by All Available Plate Designs. Materials 2019, 12, 3122. [CrossRef]
Sikora, M.; Checiniski, M.; Nowak, Z.; Checinska, K.; Olszowski, T.; Chlubek, D. The Use of Titanium 3D Mini-Plates in the
Surgical Treatment of Fractures of the Mandibular Condyle: A Systematic Review and Meta-Analysis of Clinical Trials. J. Clin.
Med. 2021, 10, 3604. [CrossRef]

Iturriaga, V.; Bornhardt, T.; Velasquez, N. Temporomandibular Joint: Review of Anatomy and Clinical Implications. Dent. Clin. N.
Am. 2023, 67, 199-209. [CrossRef]

Standring, S. Gray’s Anatomy: The Anatomical Basis of Clinical Practice, 41st ed.; Elsevier: London, UK, 2016.

Runci Anastasi, M.; Cascone, P.; Anastasi, G.P,; Santoro, G.; Nicita, F.; Picciolo, G.; Favaloro, A.; Rizzo, G.; Cutroneo, G. Articular
Disc of a Human Temporomandibular Joint: Evaluation through Light Microscopy, Immunofluorescence and Scanning Electron
Microscopy. J. Funct. Morphol. Kinesiol. 2021, 6, 22. [CrossRef]

Trindade, D.; Cordeiro, R.; José, H.C.; Angelo, D.E; Alves, N.; Moura, C. Biological Treatments for Temporomandibular Joint Disc
Disorders: Strategies in Tissue Engineering. Biomolecules 2021, 11, 933. [CrossRef]

Jones, O. The Temporomandibular Joint. TeachMeAnatomy, 19 January 2023. Available online: https://teachmeanatomy.info/
head /joints/temporomandibular/ (accessed on 29 September 2025).

Hickman, T.T.; Rathan-Kumar, S.; Peck, S.H. Development, Pathogenesis, and Regeneration of the Intervertebral Disc: Current
and Future Insights Spanning Traditional to Omics Methods. Front. Cell Dev. Biol. 2022, 10, 841831. [CrossRef]

Gharpuray, V.M. Fibrocartilage. In Handbook of Biomaterial Properties; Black, J., Hastings, G., Eds.; Springer: Boston, MA, USA,
1998; pp. 25-35. [CrossRef]

Abbass, M.M.S.; Rady, D.; El Moshy, S.; Ahmed Radwan, I.; Wadan, A.-H.S.; Dorfer, C.E.; El-Sayed, KM.F. The Temporomandibu-
lar Joint and the Human Body: A New Perspective on Cross Talk. Dent. J. 2024, 12, 357. [CrossRef] [PubMed]

Okeson, J.P. Management of Temporomandibular Disorders and Occlusion; E-Book; Elsevier Health Sciences: Philadelphia, PA,
USA, 2019.

Kozakiewicz, M.; Agier, P.; Pruszyriska, P. Plate Breakage After Mandibular Condylar Fracture Osteosynthesis. J. Funct. Biomater.
2025, 16, 389. [CrossRef] [PubMed]

Steffen, C.; Welter, M.; Fischer, H.; Goedecke, M.; Doll, C.; Koerdt, S.; Kreutzer, K.; Heiland, M.; Rendenbach, C.; Voss, J.O.
Revision Surgery with Refixation after Mandibular Fractures. Craniomaxillofac. Trauma Reconstr. 2024, 17, 214-224. [CrossRef]
[PubMed]

Pruszyniska, P.; Kozakiewicz, M.; Szymor, P.; Wach, T. Personalized Temporomandibular Joint Total Alloplastic Replacement as a
Solution to Help Patients with Non-Osteosynthesizable Comminuted Mandibular Head Fractures. J. Clin. Med. 2024, 13, 5257.
[CrossRef] [PubMed]

Ahmed, A.; Hassett, L.C.; Fillmore, W.]. Treatment of Temporomandibular Joint Ankylosis with Total Prosthetic Joint Reconstruc-
tion: A Case Series and Scoping Review of the Literature. Front. Oral Maxillofac. Med. 2023, 5, 36. [CrossRef]

Kapos, F.P; Exposto, FE.G.; Oyarzo, ].E; Durham, J. Temporomandibular disorders: A review of current concepts in aetiology,
diagnosis and management. Oral Surg. 2020, 13, 321-334. [CrossRef]

Giannakopoulos, H.E.; Quinn, P.D.; Granquist, E.; Chou, J.C. Posttraumatic temporomandibular joint disorders. Craniomaxillofac.
Trauma Reconstr. 2009, 2, 91-101. [CrossRef]

Stelea, C.G.; Agop-Forna, D.; Dragomir, R.; Ancuta, C.; Térok, R.; Forna, N.C.; Iordache, C. Recovery of Post-Traumatic
Temporomandibular Joint after Mandibular Fracture Immobilization: A Literature Review. Appl. Sci. 2021, 11, 10239. [CrossRef]
Minervini, G.; Franco, R.; Marrapodi, M.M.; Crimi, S.; Badnjevi¢, A.; Cervino, G.; Bianchi, A.; Ciccit, M. Correlation between
temporomandibular disorders (TMD) and posture evaluated through the Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD): A systematic review with meta-analysis. J. Clin. Med. 2023, 12, 2652. [CrossRef]

Harhoff, A.C.; Pohl, T; Loibl, C.; Adler, W,; Stilenbach-Madl, M.; Ries, J.; Seidel, A.; Wichmann, M.; Matta, R.-E. Impact of manual
therapy on body posture—3-D analysis with rasterstereography: Pilot study. Head Face Med. 2024, 20, 49. [CrossRef]

Helkimo, M. Studies on function and dysfunction of the masticatory system. II. Index for anamnestic and clinical dysfunction
and occlusal state. Sven. Tandlak. Tidskr. 1974, 67, 101-121. [PubMed]


https://doi.org/10.3390/jfb16100382
https://doi.org/10.4103/tjps.tjps_9_19
https://doi.org/10.1007/s12663-020-01398-9
https://www.ncbi.nlm.nih.gov/pubmed/34776701
https://doi.org/10.1016/j.aanat.2007.02.024
https://doi.org/10.3390/ma12193122
https://doi.org/10.3390/jcm10163604
https://doi.org/10.1016/j.cden.2022.11.003
https://doi.org/10.3390/jfmk6010022
https://doi.org/10.3390/biom11070933
https://teachmeanatomy.info/head/joints/temporomandibular/
https://teachmeanatomy.info/head/joints/temporomandibular/
https://teachmeanatomy.info/head/joints/temporomandibular/
https://teachmeanatomy.info/head/joints/temporomandibular/
https://doi.org/10.3389/fcell.2022.841831
https://doi.org/10.1007/978-1-4615-5801-9_5
https://doi.org/10.3390/dj12110357
https://www.ncbi.nlm.nih.gov/pubmed/39590407
https://doi.org/10.3390/jfb16100389
https://www.ncbi.nlm.nih.gov/pubmed/41149735
https://doi.org/10.1177/19433875231179318
https://www.ncbi.nlm.nih.gov/pubmed/39345950
https://doi.org/10.3390/jcm13175257
https://www.ncbi.nlm.nih.gov/pubmed/39274470
https://doi.org/10.21037/fomm-22-15
https://doi.org/10.1111/ors.12473
https://doi.org/10.1055/s-0029-1215872
https://doi.org/10.3390/app112110239
https://doi.org/10.3390/jcm12072652
https://doi.org/10.1186/s13005-024-00450-0
https://www.ncbi.nlm.nih.gov/pubmed/4524733

Dent. ]. 2025, 13, 562 19 of 21

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.
57.
58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies.
Lancet 2007, 370, 1453-1457. [CrossRef]

Loukota, R.A.; Rasse, M. Nomenclature/Classification of Fractures of the Mandibular Condylar Head. Br. J. Oral Maxillofac. Surg.
2010, 48, 477-478. [CrossRef] [PubMed]

Kozakiewicz, M. Classification Proposal for Fractures of the Processus Condylaris Mandibulae. Clin. Oral Investig. 2019, 23,
485-491. [CrossRef] [PubMed]

Neff, A.; Cornelius, C.P; Rasse, M.; Torre, D.D.; Audigé, L. The Comprehensive AOCMF Classification System: Condylar Process
Fractures—Level 3 Tutorial. Craniomaxillofac. Trauma Reconstr. 2014, 7, 44-58. [CrossRef]

Mittermiller, P.A.; Bidwell, S.S.; Thieringer, EM.; Cornelius, C.-P; Trickey, A.W.; Kontio, R.; Girod, S.; The AO Trauma Classification
Study Group. The Comprehensive AO CMF Classification System for Mandibular Fractures: A Multicenter Validation Study.
Craniomaxillofac. Trauma Reconstr. 2019, 12, 254-265. [CrossRef]

House, ].W.; Brackmann, D.E. Facial Nerve Grading System. Otolaryngol.—Head Neck Surg. 1985, 93, 146-147. [CrossRef]
Kozakiewicz, M.; Walczyk, A. Current Frequency of Mandibular Condylar Process Fractures. J. Clin. Med. 2023, 12, 1394.
[CrossRef]

Kumar, N.; Daigavane, P; Jain, S.; Mantri, N. Review of Various Clinical Assessment Indices and Orthodontic Management for
Temporomandibular Joint Disorders. Cureus 2022, 14, e30492. [CrossRef] [PubMed]

Tyszkiewicz, S.; Kozakiewicz, M.; Tyndorf, M.; Koscielniak, D. Evaluation of the effectiveness of manual techniques and dynamic
taping in the reduction of postoperative complications after surgical treatment of orthognathic defects. Fizjoter. Pol. 2019, 19,
146-157.

Tyszkiewicz, S.; Ujma, P; Szczeciniski, D.; Szczygiel, K.; Kozakiewicz, M. The Assessment of the Early Rehabilitation’s Impact on
the Level of Disorders Occurring and the Process of Reinnervation, on the Example of Facial Twigs of the Motor Nerve in Patients
with Craniofacial Injuries. Fizjoter. Pol. 2022, 22, 128-141. [CrossRef]

Sieron, D.; Jabtoniska, I.; Kostrzewa, M.; Lukoszek, D.; Szczegielniak, J.; Trabka, R.; Szyluk, K,; Sierori, A. Ultrasonography in
Physiotherapy and Rehabilitation: A Physiotherapist’s Curriculum Introduction. Fizjoter. Pol. 2023, 23, 104-111. [CrossRef]
Cobhen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988.
Field, A. Discovering Statistics Using IBM SPSS Statistics, 5th ed.; Sage Publications: London, UK, 2018.

Conover, W.]. Practical Nonparametric Statistics, 3rd ed.; Wiley: New York, NY, USA, 1999.

Adik, K.; Lamb, P; Moran, M.; Childs, D.; Francis, A.; Vinyard, C.J. Trends in Mandibular Fractures in the USA: A 20-Year
Retrospective Analysis. Dent. Traumatol. 2023, 39, 425-436. [CrossRef]

Afrooz, PN.; Bykowski, M.R.; James, I.B.; Daniali, L.N.; Clavijo-Alvarez, ].A. The Epidemiology of Mandibular Fractures in
the United States, Part 1: A Review of 13,142 Cases from the US National Trauma Data Bank. J. Oral Maxillofac. Surg. 2015, 73,
2361-2366. [CrossRef]

Adesina, O.A.; Wemambu, J.C.; Opaleye, T.O.; Salami, A.Y. Maxillofacial Fractures: A Three-Year Survey. . Curr. Surg. 2019, 9,
51-56. [CrossRef]

Sharif, A.K.; Ehsan, H.; Mirzad, S.W.; Ibrahimkhil, M.A. A Retrospective Study on Correlation of Facial Fractures and Type of
Trauma in Patients Admitted in Department of Maxillofacial Surgery of Stomatology National and Specialized Hospital, Kabul,
Afghanistan. Clin. Cosmet. Investig. Dent. 2025, 17, 39-48. [CrossRef]

Al Hasani, K.M.; Bakathir, A.A.; Al-Hashmi, A.K.; Albakri, A.M. Complications of Open Reduction and Internal Fixation of
Mandibular Condyle Fractures in Oman. Sultan Qaboos Univ. Med. |. 2024, 24, 338-344. [CrossRef] [PubMed]

Fisch, G.; Finke, A.; Ragonese, J.; Dugas, L.; Wrzosek, M. Outcomes of Physical Therapy in Patients with Temporomandibular
Disorder: A Retrospective Review. Br. |. Oral Maxillofac. Surg. 2020, 58, 1054-1059. [CrossRef] [PubMed]

Grossmann, E.; Poluha, R.L.; Iwaki, L.C.V.; Santana, R.G.; Iwaki Filho, L. Predictors of Arthrocentesis Outcome on Joint Effusion in
Patients with Disk Displacement without Reduction. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2018, 125, 382-388. [CrossRef]
Leuin, S.C.; Frydendall, E.; Gao, D.; Chan, K.H. Temporomandibular Joint Dysfunction after Mandibular Fracture in Children: A
10-Year Review. Arch. Otolaryngol. Head Neck Surg. 2011, 137, 10-14. [CrossRef]

Kolk, A.; Neff, A. Long-Term Results of ORIF of Condylar Head Fractures of the Mandible: A Prospective 5-Year Follow-Up
Study of Small-Fragment Positional-Screw Osteosynthesis (SFPSO). J. Craniomaxillofac. Surg. 2015, 43, 452—461. [CrossRef]
Johner, J.-P.; Essig, H.; Neff, A.; Wagner, M.E.H.; Blumer, M.; Gander, T. Volumetric Evaluated Bone Resorption after Open
Reduction and Internal Fixation of Condylar Head Fractures of the Mandible. J. Oral Maxillofac. Surg. 2021, 79, 1902-1913.
[CrossRef]

Jazayeri, H.E.; Lopez, J.; Khavanin, N.; Shokri, T.; Susarla, S.M.; Peacock, Z.S. Comparative Benefits of Open versus Closed
Reduction of Condylar Fractures: A Systematic Review and Meta-Analysis. Plast. Reconstr. Surg. 2023, 151, 664e—672e. [CrossRef]
Demirdover, C.; Geyik, A. Open Surgical Approach to Fractures of the Mandibular Condyle: Surgical Technique and Associated
Complications. Turk. J. Med. Sci. 2024, 54, 1082-1091. [CrossRef]


https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/j.bjoms.2009.08.036
https://www.ncbi.nlm.nih.gov/pubmed/19896755
https://doi.org/10.1007/s00784-018-2459-1
https://www.ncbi.nlm.nih.gov/pubmed/29725847
https://doi.org/10.1055/s-0034-1389559
https://doi.org/10.1055/s-0038-1677459
https://doi.org/10.1177/019459988509300202
https://doi.org/10.3390/jcm12041394
https://doi.org/10.7759/cureus.30492
https://www.ncbi.nlm.nih.gov/pubmed/36415405
https://doi.org/10.56984/8ZG1A6t5I
https://doi.org/10.56984/8ZG0DF2DA
https://doi.org/10.1111/edt.12857
https://doi.org/10.1016/j.joms.2015.04.032
https://doi.org/10.14740/jcs387
https://doi.org/10.2147/CCIDE.S501492
https://doi.org/10.18295/squmj.3.2024.020
https://www.ncbi.nlm.nih.gov/pubmed/39234321
https://doi.org/10.1016/j.bjoms.2020.08.068
https://www.ncbi.nlm.nih.gov/pubmed/33280944
https://doi.org/10.1016/j.oooo.2017.12.021
https://doi.org/10.1001/archoto.2010.237
https://doi.org/10.1016/j.jcms.2015.02.004
https://doi.org/10.1016/j.joms.2021.04.018
https://doi.org/10.1097/PRS.0000000000010009
https://doi.org/10.55730/1300-0144.5887

Dent. ]. 2025, 13, 562 20 of 21

71.

72.

73.

74.

75.

76.

77.
78.
79.

80.

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
95.

96.

Rzewuska, A.; Kijak, E.; Halczy-Kowalik, L. Rehabilitation in the Treatment of Mandibular Condyle Fractures. Dent. Med. Probl.
2021, 58, 89-96. [CrossRef] [PubMed]

Petronis, Z.; Spaicyte, N.; Sakalys, D.; Januzis, G. Functional Rehabilitation after Mandibular Fracture—A Systematic Review.
Ann. Maxillofac. Surg. 2022, 12, 197-202. [CrossRef] [PubMed]

Van der Merwe, A.; Barnes, R. The Need for Physiotherapy Intervention for Mandibular Condyle Fracture Patients:
A Needs Analysis. S. Afr. Dent. ]. 2015, 70, 5. Available online: https://www.scielo.org.za/scielo.php?pid=5S0011-
85162015000500004&script=sci_arttext (accessed on 29 September 2025).

Klek, S.; Rymarowicz, J.; Sobocki, J.; Banasiewicz, T.; Pedziwiatr, M.; Dziki, A.; Jackowski, M.; Jankowski, M.; Kawecki, D.; Kielan,
W.; et al. Recommendations for Modern Perioperative Care for Elective Surgery: Consensus of Panel of Experts. Pol. Przegl. Chir.
2023, 95, 1-5. [CrossRef] [PubMed]

Elgali, I.; Omar, O.; Dahlin, C.; Thomsen, P. Guided Bone Regeneration: Materials and Biological Mechanisms Revisited. Eur. ].
Oral Sci. 2017, 125, 315-337. [CrossRef]

Tyszkiewicz, S.; Szczeciniski, D.; Lichnowska, A.; Tyndorf, M.; Kozakiewicz, M. Fractures of the Condylar Process of the
Mandible—The Use of Comprehensive Manual Therapy in the Reduction of Postoperative Complications. Fizjoter. Pol. 2022,
22, 80-87. Available online: http:/ /fizjoterapiapolska.pl/zh/article/zlamania-wyrostka-klykciowego-zuchwy-zastosowanie-
kompleksowej-terapii-manualnej-w-redukgji-powiklan-pooperacyjnych/ (accessed on 30 September 2025).

Chamberlain, G.J. Cyriax’s Friction Massage: A Review. |. Orthop. Sports Phys. Ther. 1982, 4, 16-22. [CrossRef]

Pitsillides, A.; Stasinopoulos, D. Cyriax Friction Massage—Suggestions for Improvements. Medicina 2019, 55, 185. [CrossRef]
Pienkohs, S.P.; Meisgeier, A.; Herrmann, J.; Graf, L.; Reichert, C.S.; Trento, G.; Neff, A. Factors Affecting the Duration of Surgery
in the Management of Condylar Head Fractures. J. Clin. Med. 2023, 12, 7172. [CrossRef]

Maurer, M.; Klaes, T.; Meier, ].K.; Gottsauner, ].M.; Taxis, J.; Schuderer, J.; Reichert, T.E.; Ettl, T. Treatment of Extracapsular
Fractures of the Mandibular Condylar Process: A Retrospective Evaluation of 377 Cases. Dent. Traumatol. 2023, 39, 505-514.
[CrossRef] [PubMed]

Gouin, ].P; Kiecolt-Glaser, ]. K. The Impact of Psychological Stress on Wound Healing: Methods and Mechanisms. Immunol.
Allergy Clin. N. Am. 2011, 31, 81-93. [CrossRef] [PubMed]

Cheng, H.; Chen, B.P; Soleas, .M.; Ferko, N.C.; Cameron, C.G.; Hinoul, P. Prolonged Operative Duration Increases Risk of
Surgical Site Infections: A Systematic Review. Surg. Infect. 2017, 18, 722-735. [CrossRef]

Lone, P.A ; Khaliq, M.1.U.; Sharma, M.; Malik, O.A.; Lone, B.A. Weight Changes (in kg) in Mandible Fracture Patients after IMF: A
Prospective Study. Traumaxilla 2019, 1, 35-37. [CrossRef]

Giridhar, V.U. Role of Nutrition in Oral and Maxillofacial Surgery Patients. Natl. ]. Maxillofac. Surg. 2016, 7, 3-9. [CrossRef]
Coin, A.; Sergi, G.; Beninca, P.; Minicuci, N.; Ferrucci, L.; De Rui, M.; Inelmen, E.M.; Manzato, E. Bone Mineral Density and Body
Composition in Underweight and Normal Elderly Subjects. Osteoporos. Int. 2000, 11, 1043-1050. [CrossRef]

Zierle-Ghosh, A.; Jan, A. Physiology, Body Mass Index. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA,
2023. Available online: https://www.ncbi.nlm.nih.gov/books/NBK535456/ (accessed on 30 August 2025).

Horwich, T.B.; Kalantar-Zadeh, K.; MacLellan, R W.; Fonarow, G.C. Albumin Levels Predict Survival in Patients with Systolic
Heart Failure. Am. Heart |. 2008, 155, 883-889. [CrossRef] [PubMed]

Paksoy, Z.B.; Sazak Kundi, F.C. Impact of the Prognostic Nutritional Index on the Development of Sialocele or Salivary Fistula
After Parotidectomy. Clin. Otolaryngol. 2024, 50, 107-112. [CrossRef]

Saucedo, ].M.; Marecek, G.S.; Wanke, T.R; Lee, J.; Stulberg, S.D.; Puri, L. Understanding Readmission after Primary Total Hip and
Knee Arthroplasty: Who's at Risk? J. Arthroplast. 2014, 29, 256-260. [CrossRef]

Qin, P; Wang, Z,; Liu, L.; Xiong, Q.; Liu, D.; Min, S.; WeiThe, K. Association between BMI and Postoperative Pulmonary
Complications in Adults Undergoing Non-Cardiac, Non-Obstetric Surgery: A Retrospective Cohort Study. Assoc. Anaest. 2025, 80,
1312-1321. [CrossRef] [PubMed]

Heo, Y.H.; Yagi, S.; Toriyama, K.; Urken, M.L.; Nabili, V.; Kiyokawa, K.; Takushima, A. Relationship between BMI and
postoperative complications with free flap in anterolateral craniofacial reconstruction. Plast. Reconstr. Surg. Glob. Open 2016, 4,
€636. [CrossRef]

Demling, R.H. Nutrition, Anabolism, and the Wound Healing Process: An Overview. Eplasty 2009, 9, e9. Available online:
https:/ /www.ncbi.nlm.nih.gov/pmc/articles/PMC2642618/ (accessed on 16 November 2025).

Karpouzos, A.; Diamantis, E.; Farmaki, P.; Savvanis, S.; Troupis, T. Nutritional Aspects of Bone Health and Fracture Healing. J.
Osteoporos. 2017, 2017, 4218472. [CrossRef] [PubMed]

Stechmiller, ] K. Understanding the Role of Nutrition and Wound Healing. Nutr. Clin. Pract. 2010, 25, 61-68. [CrossRef] [PubMed]
Xie, R.Z.; Li, X.S.; Zha, ED.; Zhou, Y.E; Chen, L.; Huang, Z.Y. Relationship Between Body Mass Index and Low Skeletal Muscle
Mass in Adults Based on NHANES 2011-2018. Sci. Rep. 2025, 15, 2596. [CrossRef]

Lelonek, M.; Przychodni, A.; Lorger, M.; Cieéla, E.; Suliga, E. Handgrip Strength and Body Mass Index in Polish and Croatian
Female University Students of Preschool and Primary Education. Med. Stud. 2022, 38, 287-294. [CrossRef]


https://doi.org/10.17219/dmp/128092
https://www.ncbi.nlm.nih.gov/pubmed/33847468
https://doi.org/10.4103/ams.ams_99_22
https://www.ncbi.nlm.nih.gov/pubmed/36874767
https://www.scielo.org.za/scielo.php?pid=S0011-85162015000500004&script=sci_arttext
https://www.scielo.org.za/scielo.php?pid=S0011-85162015000500004&script=sci_arttext
https://doi.org/10.5604/01.3001.0016.2732
https://www.ncbi.nlm.nih.gov/pubmed/36808061
https://doi.org/10.1111/eos.12364
http://fizjoterapiapolska.pl/zh/article/zlamania-wyrostka-klykciowego-zuchwy-zastosowanie-kompleksowej-terapii-manualnej-w-redukcji-powiklan-pooperacyjnych/
http://fizjoterapiapolska.pl/zh/article/zlamania-wyrostka-klykciowego-zuchwy-zastosowanie-kompleksowej-terapii-manualnej-w-redukcji-powiklan-pooperacyjnych/
https://doi.org/10.2519/jospt.1982.4.1.16
https://doi.org/10.3390/medicina55050185
https://doi.org/10.3390/jcm12227172
https://doi.org/10.1111/edt.12871
https://www.ncbi.nlm.nih.gov/pubmed/37485754
https://doi.org/10.1016/j.iac.2010.09.010
https://www.ncbi.nlm.nih.gov/pubmed/21094925
https://doi.org/10.1089/sur.2017.089
https://doi.org/10.1177/2632327319882801
https://doi.org/10.4103/0975-5950.196146
https://doi.org/10.1007/s001980070026
https://www.ncbi.nlm.nih.gov/books/NBK535456/
https://doi.org/10.1016/j.ahj.2007.11.043
https://www.ncbi.nlm.nih.gov/pubmed/18440336
https://doi.org/10.1111/coa.14244
https://doi.org/10.1016/j.arth.2013.06.003
https://doi.org/10.1111/anae.16573
https://www.ncbi.nlm.nih.gov/pubmed/39967320
https://doi.org/10.1097/GOX.0000000000000645
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2642618/
https://doi.org/10.1155/2017/4218472
https://www.ncbi.nlm.nih.gov/pubmed/29464131
https://doi.org/10.1177/0884533609358997
https://www.ncbi.nlm.nih.gov/pubmed/20130158
https://doi.org/10.1038/s41598-025-87176-4
https://doi.org/10.5114/ms.2022.122385

Dent. ]. 2025, 13, 562 21 of 21

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Curtis, M.; Swan, L.; Fox, R.; Warters, A.; O’Sullivan, M. Associations between Body Mass Index and Probable Sarcopenia in
Community-Dwelling Older Adults. Nutrients 2023, 15, 1505. [CrossRef]

Brzeszczynski, FF.; Brzeszczynska, J.I. Markers of Sarcopenia Increase 30-Day Mortality Following Emergency Laparotomy: A
Systematic Review. Scand. J. Surg. 2023, 112, 58-65. [CrossRef]

Skladman, R.; Tadisina, K.K.; Chi, J.; Nguyen, D.C.; Patel, K.; Pet, M.A. Facial Trauma Operative Volume Demonstrates Consistent
and Significant Yearly Periodicity. J. Oral Maxillofac. Surg. 2023, 81, 424-433. [CrossRef]

Rabbani, C.C.; Kao, R.; Shin, T.].; Nguyen, S.A.; Meyer, T.A.; Rizk, H.G. The Association of Weather, Temperature, and Holidays
on Pediatric Maxillofacial Trauma. Laryngoscope Investig. Otolaryngol. 2020, 5, 846-852. [CrossRef]

Nijakowski, K.; Rzepczyk, S.; Szczepaniak, M.; Majewski, J.; Jankowski, J.; Zaba, C.; Okta, M. Characteristics of Bicycle-Related
Maxillofacial Injuries between 2019-2023—Retrospective Study from Poznan, Poland. J. Clin. Med. 2025, 14, 6075. [CrossRef]
Dhar, P; Jones, J. Electric Scooter-Related Oral and Maxillofacial Injuries in Oxfordshire. Br. J. Oral Maxillofac. Surg. 2024, 62,
826-830. [CrossRef]

Elhammali, N.; Bremerich, A.; Rustemeyer, ]. Demographical and Clinical Aspects of Sports-Related Maxillofacial and Skull Base
Fractures in Hospitalized Patients. Int. J. Oral Maxillofac. Surg. 2010, 39, 857-862. [CrossRef]

Jespersen, E.; Holst, R.; Franz, C.; Rexen, C.T.; Wedderkopp, N. Seasonal Variation in Musculoskeletal Extremity Injuries in School
Children Aged 6-12 Followed Prospectively over 2.5 Years: A Cohort Study. BM] Open 2014, 4, e004165. [CrossRef] [PubMed]
Davis, S.; Delaney, J. Colder, but No Less Safe: A Comparison of Bicycle-Related Traumas in Winter Compared to Summer
Cyclists. Can. J. Emerg. Med. 2020, 22 (Suppl. S1), S106-5107. [CrossRef]

Blomberg, S.N.F.; Rosenkrantz, O.C.M.; Lippert, F.; Christensen, H.C. Injury from Electric Scooters in Copenhagen: A Retrospec-
tive Cohort Study. BMJ Open 2019, 9, €033988. [CrossRef] [PubMed]

Meredith, L.; Brolin, K.; Ekman, R.; Thomson, R. Analyses of Injuries to Equestrians in a Swedish District over a 16-Year Period.
Transl. Sports Med. 2019, 2, 270-278. [CrossRef]

Vongsachang, H.; Mihailovic, A.; E, J.-Y.; Friedman, D.S.; West, S.K.; Gitlin, L.N.; Ramulu, PY. The Impact of Weather and Seasons
on Falls and Physical Activity among Older Adults with Glaucoma: A Longitudinal Prospective Cohort Study. Sensors 2021, 21,
3415. [CrossRef]

Yu, H.; Liu, M,; Lu, X;; Qu, J.; Tao, G. A Cooling Wound Dressing for Accelerating Healing under Sunlight. Innovation 2024, 5,
100670. [CrossRef]

Chen, P; Zhang, P; Sun, J.; Hou, Y.; Liu, X. Cooling Wound Dressings: Prospects for Clinical Practice. Clin. Transl. Med. 2024, 14,
€70064. [CrossRef] [PubMed]

Piatkowska, K.; Zimmermann, A.; Pilarska, A. Limitation of patients’ rights during the COVID-19 pandemic in Poland. Eur. J.
Transl. Clin. Med. 2021, 4, 79-85. Available online: https:/ /ejtcm.gumed.edu.pl/articles /130441 (accessed on 24 September 2025).
[CrossRef]

Bielecki-Kowalski, B.; Kowalczyk, O.; Podziewska, M.; Agier, P.; Kroc-Szczepkowska, A.; Kozakiewicz, M. The Evaluation of
Oral Health in Patients Undergoing Dental Treatment during the COVID-19 Pandemic. . Clin. Med. 2024, 13, 7216. [CrossRef]
[PubMed]

Mularczyk-Tomczewska, P.; Zarnowski, A.; Gujski, M.; Jankowski, M.; Bojar, I.; Wdowiak, A.; Krakowiak, J. Barriers to Accessing
Health Services during the COVID-19 Pandemic in Poland: A Nationwide Cross-Sectional Survey among 109,928 Adults in
Poland. Front. Public Health 2022, 10, 986996. [CrossRef]

Sliwczyr’\ski, A.; Jewczak, M.; Furlepa, K.; Golebiak, I.; Rzeznicki, A.; Marczak, M.; Ptak-Chmielewska, A.; Olszewski, P.; Orlewska,
K.; Wierzba, W.; et al. Assessment of the Dynamics of Inpatient Health Care Delivery in Poland before and throughout the
COVID-19 Pandemic. Sci. Rep. 2024, 14, 11975. [CrossRef]

Cha, H.-J.; Jeon, M.-K. Experience of Family Caregivers in Long-Term Care Hospitals During the Early Stages of COVID-19: A
Phenomenological Analysis. Healthcare 2024, 12, 2254. [CrossRef]

Puyo, E.M.; Salvati, L.R.; Garg, N.; Bayly, H.; Kariveda, R.R.; Carnino, ].M.; Nathan, A J.; Levi, ].R. The Impact of COVID-19 and
Socioeconomic Determinants on Appointment Non-Attendance in an Urban Otolaryngology Clinic: A Retrospective Analysis
from a Safety Net Hospital. Ann. Otol. Rhinol. Laryngol. 2025, 134, 117-124. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/nu15061505
https://doi.org/10.1177/14574969221133198
https://doi.org/10.1016/j.joms.2022.12.007
https://doi.org/10.1002/lio2.457
https://doi.org/10.3390/jcm14176075
https://doi.org/10.1016/j.bjoms.2024.07.009
https://doi.org/10.1016/j.ijom.2010.04.006
https://doi.org/10.1136/bmjopen-2013-004165
https://www.ncbi.nlm.nih.gov/pubmed/24401728
https://doi.org/10.1017/cem.2020.322
https://doi.org/10.1136/bmjopen-2019-033988
https://www.ncbi.nlm.nih.gov/pubmed/31871261
https://doi.org/10.1002/tsm2.94
https://doi.org/10.3390/s21103415
https://doi.org/10.1016/j.xinn.2024.100670
https://doi.org/10.1002/ctm2.70064
https://www.ncbi.nlm.nih.gov/pubmed/39425252
https://ejtcm.gumed.edu.pl/articles/130441
https://doi.org/10.31373/ejtcm/130441
https://doi.org/10.3390/jcm13237216
https://www.ncbi.nlm.nih.gov/pubmed/39685681
https://doi.org/10.3389/fpubh.2022.986996
https://doi.org/10.1038/s41598-024-62671-2
https://doi.org/10.3390/healthcare12222254
https://doi.org/10.1177/00034894241295475

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

