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Abstract: Prolonged operation times should be avoided due to the associated complications and
negative effects on the efficiency of the use of operating room resources. Surgical treatment of
mandibular condylar head fractures is a well-established routine procedure at our department,
nevertheless, we recognized fluctuating operating times. This study aims to pinpoint the influencing
factors, in particular the hypothesis whether the efficiency of intraoperative muscle relaxation may
decisively affect the duration of surgery. It analyses 168 mandibular condylar head fractures that
were surgically treated in the period from 2007 to 2022 regarding the duration of the surgery and
potential factors affecting it. The potential predictors’ influence on the dependent variable operation
time was mainly calculated as a bivariate analysis or linear regression. Efficiency of relaxation
(p ≤ 0.001), fragmentation type (p = 0.031), and fracture age (p = 0.003) could be identified as decisive
factors affecting the duration of surgery, as the first surgeon was a constant. In conclusion, surgical
intervention should start as soon as possible after a traumatic incident. In addition, a dosage regimen
to optimize the efficiency of relaxation should be established in future studies. Fragmentation
type and concomitant fractures should also be considered for a more accurate estimation of the
operating time.

Keywords: condylar head fracture; operating time; muscle relaxation; mandibular fracture

1. Introduction

Fractures of the mandibular articular process, including fractures of the condylar head,
represent approximately 25 to 30% of all mandibular fractures, therefore constituting the
most common mandibular fracture [1,2]. Condylar head fractures themselves account
for approx. 10% of all mandibular fractures, or one-third of all fractures of the articular
process [1–3].

Open reduction and the internal fixation of condylar head fractures is finding increas-
ing favour, irrespective of the location of the fracture, in the event of instability of the
vertical dimension—especially in the absence of dental supporting zones—and in dislo-
cated fractures [4–13]. Especially in the case of multifragmented condylar head fractures,
patients can benefit functionally from surgical treatment, especially regarding avoidance
of occlusion disorders [5,10,11]; however, surgical treatment of such multifragmented
condylar head fractures is routinely performed only at specialized centers because of the
considerable effort and expertise required [14].

At the Department of Oral and Maxillofacial Surgery of the University Hospital
Giessen and Marburg (UKGM), at its Marburg specialized facility of campus Marburg, sur-
gical care is predominately performed as a standardized procedure [15]. Despite procedure
standardization regarding the execution of surgery—including clear assignment of tasks
to the staff involved—variability in the duration of the operation is nevertheless marked,
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which is unappealing from an economic standpoint, as the operating time contributes to
the total cost of a surgical procedure [16–20] and has been recognized as a modifiable cost
driver in operating room management [21–27].

Not only is the prolonged duration of surgery undesirable from an economic point of
view but it is also associated with an increased risk of intraoperative and postoperative
complications [28], such as an increased risk of surgical site infections [29–31]. Also,
correlations between venous thromboembolism, bleeding, hematoma formation, tissue
necrosis, and prolonged duration of surgery have been described [28,32–34]. Therefore,
due to these adverse consequences for the patient, a reduction in surgery time should be a
primary goal of surgical management [28].

Moreover, accurate surgery time prediction is important for efficient operating theatre
utilization. Underestimating operating times will lead to extended preoperative waiting
times, reduced patient satisfaction, and the necessity to use other hospital-associated
resources—such as overtime incurred to be remunerated and the need to provide backup
staff—and leading to surgeon burnout [35]. While assessing operating times may be
essential for scheduling, it can be difficult to predict, especially in oral and maxillofacial
surgery [36]. Accordingly, identifying factors influencing an operation’s duration serves to
improve surgery management.

The aim of this study is to identify factors affecting the duration of the procedures of
surgical reduction and osteosynthesis of unilateral and bilateral mandibular condylar head
fractures, well-established at our department for many years, in order to be able to explain
the variability outlined above in this regard. Based on the results of this study, possible
adjustments made with regard to the abovementioned factors may reduce the duration of
surgery and may improve predictability in surgery planning in the future.

In this context, the hypothesis that the efficiency of intraoperative relaxation plays
a decisive role in the duration of the operation should be examined in particular. The
proximal (viz. “small”) fragment in condylar head fractures is supported by the lateral
pterygoid muscle and is usually dislocated anteriorly and medially [37]. The repositioning
of this fragment can only be carried out under adequate relaxation [14,37,38].

2. Materials and Methods

Initial pre-selection of the patient sample investigated was performed using search
masks (surgery and procedure codes) and then defined according to inclusion and exclusion
criteria. Included were all patients who underwent open reduction and osteosynthesis
of a unilateral or bilateral mandibular condylar head fracture at the Department of Oral
and Maxillofacial Surgery of the University Hospital of Marburg, a specialized center for
temporomandibular joint disorders [15], between 2007 and 2022, performed by the same
surgeon (experienced specialist with profound experience in the traumatology of condylar
head fractures, senior author A.N.).

Excluded were all patients who received other specialist care due to multiple traumas
outside the oral and maxillofacial area during the course of the operation in the same
procedure or for whom operation time was not documented.

In order to control for possible distortion of the evaluations due to possibly lengthy
surgical treatment of concomitant fractures in the same surgical procedure, the same
statistical analysis was again carried out on a sub-sample (Nsub = 75).

The inclusion factors of the sub-sample are identical to the complete sample, except
that only unilateral mandibular condylar head fractures were considered here.

Thus, in addition, all patients in the sub-sample who received simultaneous surgical
treatment of a concomitant fracture in the oral and maxillofacial region in the course of the
same surgery or who presented a bilateral condylar head fracture were excluded.

The procedure of open reduction and internal fixation of condylar head fractures at our
hands was described previously [15] and can be exemplary and cursorily summarized as
accessing the condyle through a retroauricular approach, repositioning the main condylar
fragment, sometimes stabilizing and fixating the fragment with microplate osteosynthesis
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temporarily, and permanently stabilizing the main fragment through screw osteosynthesis,
finally recreating the capsule, soft tissue, and external auditory canal. Smaller fragments
are fixated with, inter alia, microplates [15,39–42].

The operation time for this procedure was defined as a reference parameter, as the
recorded period from initial skin incision to completion of wound closure.

The following possible influencing factors were determined: patient-related data
regarding parameters of age and sex of the patient, fracture age in days, fracture type
(non-fragmented, minor fragmented, or major fragmented condylar head fracture) [43,44],
the concomitant fractures treated (paramedian, corpus, mandibular angle, condylar base,
condylar neck, or simple midfacial fracture), the professional experience of the first surgeon
and the first surgical assistant. In addition, the variables describing the experience of the
anesthetist, the subjective muscle resistance of the lateral pterygoid muscle during fragment
reduction, and the quantity of muscle relaxant (rocuronium) administered were collected
in order to assess the degree of influence of muscle relaxation on the duration of surgery.

The morphology of the condylar head fracture was classified by the degree of frag-
mentation into non-fragmented, minor fragmentation, or major fragmentation, analogous
to the AO-CMF trauma classification [43,44].

The variable “experience of the first assistant” was broken down into seven levels
according to the years of the assisting resident’s specialist training (training year 1–5 = level
1–5, respectively), if fully trained specialist (level 6), or if senior physician (level 7).

The variable “experience of anesthetist” was defined as the number of procedures as
an attending anesthetist when the procedure was performed (only surgical treatment of
unilateral and bilateral mandibular condylar head fractures was counted).

The quantity of muscle relaxant (rocuronium) administered was analyzed as the
total amount administered over the entire duration of the operation in relation to the
patient’s body weight. A more detailed analysis with regard to the exact point in time of
administration, the quantities applied at those specific points in time, or the context of the
administration was not possible as reporting standards did not provide for it.

For the subjective muscle resistance of the lateral pterygoid muscle during fragment
reduction (subjective assessment of the surgeon according to the surgical report), five levels
were defined as very strong resistance, strong, average, weak, and very weak resistance,
respectively. The assessment was routinely documented by the first surgeon with regard to
the force required to be applied to the instruments for fragment repositioning.

The statistical analysis was carried out using IBM SPSS Statistics version 26 for Win-
dows. Bivariate analyses were performed between surgery time and potential influencing
factors. Due to a significant outlier and the unclear causality between the amount of
muscle relaxant administered and the duration of surgery, the relation was calculated
using Spearman’s correlation, as was the relationship between muscle resistance and the
amount of muscle relaxant administered, and as was the relationship between fracture
age and the amount of muscle relaxant administered. The remaining statistical correla-
tions were calculated as mean comparisons or linear regression using the UNIANOVA
procedure. In the presence of variance heterogeneity, regressions with robust standard
errors (HC3) were requested, and the mean comparisons were analyzed using Welch’s
ANOVA with Games–Howell post hoc tests. In cases of variance homogeneity, the analysis
was performed using ANOVA, and the pairwise comparisons were adjusted according to
Tukey. Mean values with standard deviations are reported for the comparisons of means;
unstandardized regression coefficients are reported with a 95% confidence interval for the
regressions. In addition, p-values and R2 (adj.) are reported. R2

adj. serves as a standardized
measure of effect strength and can be interpreted according to the suggestions of Cohen
(1988)—weak correlation: R2

adj. = 0.01; medium correlation: R2
adj. = 0.06; strong correlation:

R2
adj. = 0.14 [45].
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3. Results

A total of 154 patients with condylar head fractures were treated in the period from
2007 to 2022. Twelve patients had to be excluded from the study as the documentation did
not contain surgery time. Another four had to be excluded because they had undergone a
parallel surgical procedure allocated to a different medical specialty in the same operation.

Thus, 138 patients were eligible for evaluation.
Not all patient cases could be included in the analysis of certain parameters due to

insufficient documentation in the relevant files. Any deviations from the complete collective
(N = 138) were considered in the statistical evaluation (cf. Tables 1–4).

Table 1. Linear associations (regression), dependent variable: surgery time (min).

Complete Sample (N = 138) Subgroup Analysis Unilateral CHF (N = 75)

Predictor Valid N b (CI) p R2adj. Valid N b (CI) p R2adj.

Patient age 138 0.21
(−0.67–1.10) 0.637 −0.006 75 −0.41

(−1.02–0.20) 0.186 0.010

Fracture age (d) 132 5.1
(1.8–8.3) 0.003 0.061 74 3.4 (1.0–5.8) 0.006 0.088

Surgeon
experience (y) 138 1.98

(−2.33–6.29) 0.366 * −0.002 75 −0.87
(−3.51–1.76) 0.512 * −0.009

Assistant
experience (y) 129 −4.6

(−15.7–6.5) 0.413 −0.003 70 −4.9
(−10.7–0.9) 0.097 0.026

Anesthetist
experience (c) 130 −0.68

(−2.46–1.10) 0.450 −0.004 71 −0.17
(−1.33–0.99) 0.771 −0.013

Muscle
resistance 137 −33.0

(−47.6–−18.5) <0.001 * 0.124 74 −27.1
(−36.5–−17.7) <0.001 0.303

b: unstandardized regression coefficient. CI: 95% confidence interval for b. * robust standard errors (HC3).
(c): count, number of performed operations.

Table 2. Mean comparisons, dependent variable: duration of surgery (min).

Complete Sample (N = 138) Subgroup Analysis without Concomitant
Fractures (N = 75)

Predictor Valid N M (SD) p R2adj. Valid N M (SD) p R2adj.

Sex
m 72 213.4 (99.4)

0.220 0.004
44 162.3 (53.5)

0.988 −0.014
f 66 235.4 (110.9) 31 162.5 (49.1)

Bilateral fracture
no 108 192.1 (83.2)

<0.001 0.328
yes 30 338.6 (96.6)

Fracture type

major 80 267.7 (114.8)

0.031 * 0.030

32 183.8 (53.8)

0.005 ** 0.114minor 48 229.7 (110.8) 24 151.2 (48.2)

non-
fragmented 40 215.5 (101.9) 19 140.3 (37.4)

Concomitant fracture treated:
paramedian

no 108 203.1 (94.3)
<0.001 0.136

yes 30 298.9 (109.7)

Concomitant fracture treated:
corpus fracture

no 131 218.4 (101.0)
0.007 0.045

yes 7 326.9 (136.3)

Concomitant fracture treated:
mandibular angle fracture

No 136 222.4 (103.6)
0.156 0.008

Yes 2 329.0 (213.5)

Concomitant fracture treated:
fracture of condylar base

No 132 223.2 (106.1)
0.697 −0.006

Yes 6 240.3 (89.4)
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Table 2. Cont.

Complete Sample (N = 138) Subgroup Analysis without Concomitant
Fractures (N = 75)

Predictor Valid N M (SD) p R2adj. Valid N M (SD) p R2adj.

Concomitant fracture treated:
condylar neck fracture

No 118 214.7 (101.0)
0.012 0.039

Yes 20 278.4 (116.1)

Concomitant fracture treated:
simple midfacial fracture

No 133 216.3 (95.5)
<0.001 0.135

Yes 5 427.0 (157.0)

M: mean. SD: standard deviation. * ANOVA; pairwise comparisons, Tukey: major-minor: p = 0.147; major-simple:
p = 0.042; minor-simple: p = 0.822. ** ANOVA; pairwise comparisons, Tukey: major-minor: p = 0.039 major-simple:
p = 0.007; minor-simple: p = 0.742.

Table 3. Correlation (Spearman’s) between the age of the fracture and resistance of the lateral
pterygoid muscle.

Complete Sample (N = 138) Subgroup Analysis without
Concomitant Fractures (N = 75)

Fracture Age (d) Fracture Age (d)
rho p Valid N rho p Valid N

Muscle
resistance −0.340 <0.001 131 −0.233 0.047 73

Table 4. Correlation (Spearman’s) between the amount of rocuronium administered, the operation
time, the age of the fracture, and the resistance of the lateral pterygoid muscle.

Complete Sample (N = 138) Subgroup Analysis without
Concomitant Fractures (N = 75)

Amount of Rocuronium
Administered

Amount of Rocuronium
Administered

rho p Valid N rho p Valid N

Duration of surgery (min) 0.335 <0.001 129 0.3304 0.005 71

Muscle resistance −0.140 0.114 128 −0.212 0.078 70

Fracture age (d) 0.317 <0.001 129 0.265 0.025 71

Thus, the sample comprised 138 patients, of which 72 were male and 66 female (Nsub:
44 male, 31 female). The mean age was 45.9 years with a standard deviation (SD) of
20.1 and a total age range between 12 and 88 years (Nsub: M = 43.3 (SD = 19.5), range
14–86 years). The fracture type was predominantly major (n = 80), minor in 48 individuals,
and non-fragmented in 40 individuals (Nsub: 32 major, 24 minor, 19 non-fragmented).

The 138 patient cases, or 168 condylar head fractures, including unilateral (N = 108)
and bilateral (N = 30) condylar head fractures, were evaluated accordingly with regard to
surgery time and potential predictors. In addition, an analysis of the sub-sample (N = 75)
described above, which only considers unilateral articular head fractures without concomi-
tant fractures treated in the same operation out of the complete collective (N = 138), was
also carried out concerning operation time and its possible predictors.

It emerged that the age and the gender of the patient, as well as the experience of the
first surgeon, did not statistically affect operating times significantly (cf. Tables 1 and 2).
This was also not the case for the experience of the first assistant or the experience of
the anesthetist (cf. Tables 1 and 2). Concerning the small correlation of R2

adj. = 0.026 in
the effect size measurement, it should be noted that it still lies within the random range
(p = 0.097).

As to be expected, there was a statistically significant increase in the duration of surgery
when concomitant fractures were treated during the same operation. These concomitant
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fractures included paramedian fractures, corpus, mandibular angle, condylar base, and
condylar neck fractures, as well as simple midfacial fractures (cf. Table 2). These presented
as individual concomitant fractures or cumulatively alongside the condylar head fracture.
Of these, only the fractures treated at the mandibular angle and the condylar base were
statistically insignificant, with case numbers of N = 2 and N = 6, respectively (cf. Table 2).

In cases of bilateral mandibular condylar head fractures, the average surgery time
(incision to suture) increased from M = 192.1 to M = 338.6 min. In the sub-analysis adjusted
for concomitant fractures, the average surgery time was M = 162.3 min (SD 51.4 min for
N = 75) per condylar head fracture from initial skin incision to finalization of sutures (cf.
Table 2).

A statistically significant correlation could also be shown between the subjectively
assessed muscle resistance of the lateral pterygoid muscle during fragment reduction and
the duration of the operation, i.e., an increase or decrease in surgery time by an average
of approximately 33 min (all cases) and 27 min (sub-analysis) per negative or positive
deviation from the average-value experience (cf. Figure 1).
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Figure 1. Operation time in relation to different levels of resistance of the lateral pterygoid muscle in
the subgroup analysis.

For each day elapsed without surgical treatment after trauma, surgery time was
prolonged by approximately five minutes on average (cf. Table 1). In addition, a statistically
relevant correlation emerged between subjective muscle resistance and fracture age in days
(cf. Table 3).

A clear and statistically significant relation between surgery time and fragmentation
type could also be established, with surgery time extending with increased severity of
fragmentation. In the sub-analysis, the mean surgery time (incision to suture) was 183.8 min
for fractures with major fragmentation, 151.2 min for minor fragmentation, and 140.3 min
for non-fragmented fractures (cf. Figure 2).
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The amount of muscle relaxant (rocuronium) administered also showed a statistically
significant correlation (cf. Table 4). It was found that the longer the operation, the more
relaxant was administered. Furthermore, there was a significant correlation between the
amount of rocuronium administered and fracture age. However, a statistically signifi-
cant correlation between the amount of muscle relaxant administered and the perceived
subjective muscle resistance during fragment reduction could not be proven (cf. Table 4).

4. Discussion

The risk of perioperative complications, as reported in the literature, lies between
three and seventeen percent for industrialized countries [28,33]. Surgery time has now
been identified as an independent and potentially modifiable risk factor and has therefore
been the focus of various studies. For example, in 2015, a systematic review by Visser et al.
considered prolonged surgery time as one of the three surgery-associated independent risk
factors for perioperative complications [46]; however, the results were inconclusive, as out
of a mere six studies examined, only three showed a statistically significant association
between surgery time and complications [28,46]. In studies in later years, a clearer picture
emerged regarding a causal connection between the parameter surgery time and the risk
of perioperative complications. Cheng et al. 2018, e.g., describe a redoubled risk of
complications when surgery time exceeds two hours and an increase in complications by
14 percent per additional 30 min of surgery time [28].

Prolonged surgery time has not only been the focus of attention because of the compli-
cations associated with it but also because of its impact on the efficiency of management of
operating theatres [17,20,21]. Uncertainties regarding surgery time affect many key perfor-
mance indicators of the operating theatre and its context [47]. Patient throughput, economic
viability, treatment outcome, staff overtime, precise scheduling of subsequent operations,
standby times, and patient and practitioner satisfaction are some aspects dependent on
the design of surgical scheduling and are affected by an unforeseen extension of surgery
duration [47].

Realignment of the proximal condylar fragment, which is usually displaced or dislo-
cated anterior-medially in condylar head fractures and supported by the lateral pterygoid
muscle, can only be performed under adequate relaxation, as repositioning of this frag-
ment is restricted by muscle traction [14,37,38]. The traction on the reduction instruments,
which depends on said relaxation, was documented intraoperatively with the parameter
subjective resistance of the lateral pterygoid muscle during fragment reduction. It should
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be noted here that the first surgeon (A.N.) did the reporting and that the muscle resistance
reported was based on his subjective assessment; however, as the first surgeon remained a
constant throughout all 168 mandibular condylar head fractures treated, this value was not
affected by procedures being performed by different surgeons. Moreover, before his initial
condylar head fracture surgery at the UKGM, A.N. had already operated on approximately
200 such condylar head fractures at other institutions [15,48]. This prior experience is
displayed statistically, as the experience of the first surgeon was found not to affect surgery
time significantly (cf. Table 1). As the study covers a period of 15 years, the possibility
of age-related changes to the surgeon cannot be ruled out. Furthermore, the surgeon’s
aggregate experience from performing procedures in the operating room over time must
also be taken into consideration. In addition, as the muscle resistance was documented by
a single surgeon, an intrapersonal bias cannot be ruled out. Nevertheless, the available
data of our study suggest a correlation between muscle relaxation and surgery time (cf.
Figure 1), confirming our a priori hypothesis.

Also, the quantity of muscle relaxant (rocuronium) administered showed a statisti-
cally significant correlation with surgery time. The statistical analysis was conducted here
through Spearman’s correlation, as the causal direction was unclear. The result shows that
more muscle relaxants were administered during longer operations (cf. Table 3a). However,
the documentation provides no answer to the question of whether the bolus administra-
tion of muscle relaxant was due to a protracted operation time with difficult reduction
under insufficient relaxation or whether the duration of the operation was prolonged de-
spite adequate administration of muscle relaxant. The exact time of administration was
not documented in the anesthesiological documentation, and the extent of relaxation in
the train-of-four (TOF) was only documented in isolated cases. Neither was the context
documented, e.g., whether the muscle relaxant was administered during fragment reduc-
tion. Furthermore, no statistically significant correlation emerged between the amount
of rocuronium administered and the muscle resistance of the lateral pterygoid muscle
during fragment reduction. Thus, further research and specific documentation will be
necessary to determine the adequate dosage of muscle relaxant to be applied in the context
of fragment reduction.

As expected, the treatment of concomitant fractures in the course of the same operation
entailed a significant increase in the duration of the operation, except for fractures of the
mandibular angle (N = 2; p = 0.156; SD = 213.5 min) and fractures of the condylar base
(N = 6; p = 0.697; SD = 89.4 min). Concomitant fractures were, however, on occasion also
present in combination. The surgery time required to treat such concomitant fractures may
exceed the average surgery time for condylar head fractures several times, especially if a
multiplicity of fractures presents. For example, the parameter for concomitant treatment of
a simple midfacial fracture is stated as M = 427 min, whereas the average surgery time for
a simple condylar head fracture is M = 192.1 min (cf. Table 2). Due to the small number of
cases of concomitant fractures of a maximum of thirty patients (paramedian fractures) and
a minimum of two patients (mandibular angle fractures), in consequence, a sub-analysis
was carried out in an attempt to avoid distortions due to surgical treatment of more than
one condylar head fracture in one procedure.

The results of the sub-analysis were no different and did not show any changes from
statistically non-significant to significant or vice versa with regard to the analysis of the
epidemiological parameters of sex and age. The male-to-female ratio of approximately
52.2% to 47.8% in the full analysis was similar to the gender distribution of the sub-analysis,
with 60% male and 40% female patients (cf. Table 2). This is largely consistent with the
existing literature, which reports a 2:1 ratio of male to female patients in condylar head
fractures [49]. The sex ratio reported for mandibular fractures ranges between 55.8% and
79% for males and 44.2% to 21% for females [50]. The mean age also remained largely
identical to the sub-analysis at M = 45.9 years (Msub = 43.3 years), and therefore, above
the average age described in the literature of approximately 31 years for condylar head
fractures and 33 years for mandibular fractures [49,50].
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It should be noted, however, that changes can be observed with regard to the average
surgery times. Especially, the lower average surgery time of unilateral condylar head
fractures of M = 162.3 min should be emphasized here. In the complete data set analysis,
the figure is M = 192.1 min. The reduction by 29.8 min is thus most likely attributable to
the treatment of concomitant fractures included in the complete analysis.

The most striking difference between the sub-analysis and analysis of the complete
data set emerged concerning the different types of fragmentation. Here, the complete data
set analysis shows no significance in the relation between major and minor fragmentation.
The sub-analysis, however, shows a statistically significant result with a p-value of 0.039
(cf. Table 2). This is probably due to the fact that the total operation time of a bilateral
condylar head fracture is attributed to the fractures treated regardless of the degree of
fragmentation, as the individual operation time per side is not documented, which may lead
to distortions in resulting values. Therefore, especially regarding the type of fragmentation,
the focus should be on the sub-analysis that excluded bilateral condylar head fractures.
Nevertheless, the degree of fragmentation generally correlates significantly with operation
time, and a relevant difference is also evident in the descriptive results. Treatment of a
major fragmented fracture compared to a minor fragmented fracture requires an additional
38 min on average (sub-analysis 32.6 min), compared to a non-fragmented fracture which
requires as much as 52.2 min (sub-analysis 43.5 min) (cf. Table 2 and Figures 2 and 3).
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The proportion of major fragmented fractures of 47.6% in the collective studied de-
viates significantly from the probability of 10–15%, as reported in the literature [14]. This
can most likely be attributed to the fact that the treatment of multifragmented articular
head fractures is usually only routinely carried out at specialized centers [14]. Therefore,
supraregional referrals are frequently made to our specialized center for the surgical treat-
ment of multifragmented condylar head fractures to ensure that the aims of osteosynthesis
and the best possible restoration of the undisturbed anatomical and functional pre-trauma
situation can succeed, despite the considerable effort and the special expertise required.
In this respect, the operating times determined in our study must be evaluated, taking on
board the aspect that fractures with a high degree of fragmentation are treated without
exemption and were not excluded from surgical treatment as in other studies [9,51,52].

Given our results, referral and surgical treatment of affected patients should occur
promptly to avoid increased surgical time, which increases by approximately 5 min with
each day that elapses after the initial trauma (cf. Table 1). This can best be explained by
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physiological remodeling processes that occur after a traumatic injury to the muscle. Cells
involved in the healing process of the muscle, including inflammatory cells and stem cells,
may degrade matrix proteins by emitting matrix metalloproteases and elastase [53–56].
The onset of this process is the immediate day of the trauma [53]. As early as one week
post-trauma, in the course of the healing process, scar formation begins in the musculature
by fibroblasts in response to local mediators such as TGF-β1 [53,57]. Therefore, the statisti-
cally significant correlation between fracture age and subjective muscle resistance during
fragment reduction is unsurprising (cf. Table 3).

Thus, operating time reduction can be achieved by performing surgical treatment of
mandibular condylar head fractures as quickly as possible. Fracture age and degree of
fragmentation should be included as predictors of operating time in preoperative planning
in order to achieve a more precise estimate of operating time and thus, probably, a more
efficient use of the operating theatre and an improved reliability of planning. Optimized
muscle relaxation during fragment reduction is a promising approach to achieve a signifi-
cant reduction in the operating time with the associated benefit of avoiding complications.
Research into the ideal dosage regimen and, if necessary, the choice of specific muscle
relaxant should therefore continue.

A limitation of our study is its limited significance, as already described above, with
regard to the amount of muscle relaxant (rocuronium) to be administered in order to
achieve adequate muscle relaxation, as documentation of the exact time of administration
in the anesthesiological reports was insufficient and the context of the administration of
relaxants can not be established. Further studies are required to understand the causality
between the amount of muscle relaxant and the duration of surgery and to determine the
appropriate amount of relaxant to optimize the procedure.

Another limitation of this study is that it does not offer a comparative analysis of the
effectiveness of different muscle relaxants in the context of reduction and osteosynthesis of
unilateral and bilateral mandibular condylar head fractures, as only rocuronium could be
referred to in our study.

Also, in every instance of surgical treatment of the 168 mandibular condylar head frac-
tures examined in this study, a retroauricular approach was used exclusively. A statement
about operating times for the predominantly used preauricular approach can therefore not
be made and would need to include functional outcome parameters since the operation’s
success depends decisively on careful soft tissue management [14]. It cannot be ruled
out that surgery time for the retroauricular approach, with its clear advantages over the
preauricular approach and notably better soft tissue protection, differs from surgery time
for the latter as such [5,58].

Moreover, a possible bias cannot be ruled out as patients were excluded when no
operation time was documented or they received other specialist care due to multiple
traumas outside the oral and maxillofacial area during the course of the same operation.
Especially for the latter type of operation, as the different procedures performed were not
documented individually regarding their duration, an investigation regarding the severity
of overall trauma in correlation to operating time could not be executed.

Furthermore, as this was a single-center study, the sample size of the study is limited
to the 168 cases of condylar head fractures described, or 75 fractures in the sub-sample, and
has not been complemented with cases from other centers.

In addition to that, our study does not present figures specifying the cost of the
operative time and, accordingly, could not display the reduction or increase in accumulated
costs for decreased or increased operating time, respectively. In future studies, a cost-
efficiency analysis could provide a way to evaluate the economic gain through reduced
operative times.

5. Conclusions

Based on the results of our study, efficiency of relaxation, fragmentation type, and
fracture age are decisive factors for the duration of surgery when the first surgeon remains
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a constant. A dosage regimen to optimize the administration of relaxants must be discussed
in further studies. Concomitant fractures treated in the same operation and treatment of
two condylar head fractures in one single surgery will extend the duration of the operation
accordingly and should be factored in during surgery planning.
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