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Abstract
Purpose Valgus deformities of the lower extremity influence patellofemoral joint kinematics. However, studies examining 
the clinical outcome after treatment of patellar instability and maltracking due to valgus deformity are rare in recent litera-
ture. This study’s purpose is to analyze the clinical results after combined distal femoral osteotomy (DFO) for treatment of 
patellar instability.
Methods From 2010 to 2016, 406 cases of patellofemoral instability and maltracking were treated. Twenty cases of recur-
ring (≥ 2) patellar dislocations with genu valgum and unsuccessful conservative treatment were included in the study. A 
radiological analysis was performed, and anteroposterior (AP), lateral and long leg standing radiographs were analyzed, 
and the leg axis was pre- and postoperatively measured. At least 12 months postoperatively, the clinical leg axis, range of 
motion (ROM), apprehension sign, Zohlen sign, and J-sign were physically examined. Pain level and knee function were 
objectified on a visual analogue scale (VAS). The Lysholm, Kujala, and Tegner scores, re-dislocation rate, and patient sat-
isfaction were also examined.
Results 20 combined DFOs on 18 patients with a median age of 23 years (15–55 years) were performed. The preopera-
tive mechanical leg axis was 6.5° ± 2.0° valgus, and the mean tibial tuberosity to trochlear groove (TT-TG) distance was 
19.1 ± 4.8 mm. All patients reported multiple dislocations. Intraoperatively, 71% presented III°–IV° cartilage lesions, located 
retropatellarly in 87% and correlating negatively with the postoperative Lysholm score (r = − 0.462, p = 0.040). The leg axis 
was corrected by 7.1° ± 2.6°, and in 17 cases, the tibial tubercle was additionally medialized by 10 ± 3.1 mm. All patellae 
were re-stabilized with medial patellofemoral ligament reconstruction. After a median period of 16 (12–64) months, the 
pain level decreased from 8.0 ± 1.4 to 2.3 ± 2.1 (VAS p ≤ 0.001) and knee function improved from 40.1 ± 17.9 to 78.5 ± 16.6 
(Kujala p ≤ 0.001), 36.1 ± 19.5 to 81.6 ± 11.7 (Lysholm p ≤ 0.001), and 2.0 (1–5) to 4.0 (3–6) (median Tegner p ≤ 0.001). 
No re-dislocation was observed.
Conclusion Combined DFO is a suitable treatment for patellar instability and maltracking due to genu valgum, as it leads 
to very low re-dislocation rates, a significant reduction of pain, and a significant increase of knee function with good-to-
excellent results in the short-term follow-up. However, a high prevalence of substantial cartilage lesions is observed, causing 
postoperative limitations of knee function.
Level of evidence IV, retrospective cohort study.
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Introduction

Multiple contributing factors for patellar instability and 
maltracking have been identified to date [2, 13, 14]. Osse-
ous deformities, such as trochlear dysplasia or torsional 
deformities of the lower limb, are now considered more 
carefully due to their large impact on patellar tracking and 
stability [5, 8, 9, 20, 21]. In general, good results have been 
reported after torsional osteotomy or trochleoplasty [8, 9, 
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20]. Surgical techniques involving tibial tuberosity are com-
monly performed and have been increasingly examined [1, 
14].

Deformities of the leg axis, related to valgus or varus 
deformities, have been proven to considerably influence 
patellar tracking [19]. Moreover, it seems reasonable that 
a valgus position of the femorotibial angle may alter the 
force vector on the patella in a way that leads to increased 
lateralization of the patella.

A recently published study on a series of eight patients 
(ten knees) with valgus malalignment and patella-related 
symptoms of pain or subluxation has reconfirmed the sug-
gested influence of valgus deformities on the patella [26]. 
However, studies examining the clinical outcome after com-
bined DFO in the treatment of valgus deformities with patel-
lar instability are rare in the recent literature.

This study’s purpose is to analyze the clinical results 
after treatment of patellofemoral instability caused by val-
gus malalignment of the leg axis with combined DFO. Here, 
the term “combined osteotomy” refers to the combination 
of multiple surgical procedures in addition to the osteotomy, 
depending on the pathologies of the knee joint present. This 
study hypothesizes that good-to-excellent results can be 
achieved in terms of knee function and reduction of pain as 
well as low re-dislocation rates if all predisposing risk fac-
tors are addressed. To the best of our knowledge, this study 
has the largest number of cases of all studies published to 
date.

Materials and methods

All recorded cases of lateral patellar instability or maltrack-
ing, which were treated in the study clinic from 2010 to 
2016, were reviewed. A retrospective single-center cohort 
study was conducted to analyze the outcomes of patients 
who experienced patellar instability due to valgus deformi-
ties of the leg axis in the frontal plane and who were treated 
with a combined medially closing-wedge distal femoral oste-
otomy (cwDFO).

Inclusion criteria were recurring dislocations of the 
patella (≥ 2 dislocations) of the affected knee with simul-
taneous presentation of a relevant valgus deformity of 
the leg axis, leading to a combination of patellar insta-
bility and maltracking. According to the authors’ clinical 
experience, deformities of ≥ 5° accompanied by patellar 
maltracking are considered “relevant” and indicative for 
a DFO. However, in recent literature, no cut-off value has 
yet been described. Knees with a mechanical axis deform-
ity of < 5°, which presented patellar maltracking, as well 
as cartilage lesions in the lateral femorotibial compart-
ment, were also subjected to DFO. Higher grade deformi-
ties (types 3e and 4 according to Frosch et al. [13]), which 

would essentially affect patellar tracking, were excluded. 
Unsuccessful conservative treatment after the first dislo-
cation was reported in all cases. A detailed radiological 
analysis prior to surgery, including standard anteroposte-
rior (AP) and lateral radiographs and magnetic resonance 
imaging (MRI) of the knee, was mandatory to measure 
patella height, tibial tuberosity to trochlear groove (TT-
TG) distance and trochlear morphology, and to assess the 
cartilage status. The leg axis in the frontal plane was deter-
mined by measurement of standing long leg radiographs. 
Torsional MRI or computer tomography (CT) scans of 
both sides were used to identify torsional deformities 
if they were suspected. Maltracking was initially evalu-
ated clinically with the J-sign/reversed J-sign test and on 
transverse MRI scans at the time of first contact with the 
patient. It was then reconfirmed by direct arthroscopic 
dynamic visualization at the beginning of every surgery 
and throughout the procedure. The TT-TG distance was 
measured from MRI scans of the knee according to Schoe-
ttle et al. [24]. A distance of 16 mm with intraoperatively 
reconfirmed maltracking of the patella was indicative of an 
additional tibial tuberosity transfer [5, 29]. Patella height 
was measured on lateral radiographs of the knee, accord-
ing to Caton-Deschamps [4]. Common scoring systems—
visual analogue scale (VAS), Kujala’s anterior knee pain 
score, Lysholm score, and Tegner activity index—were 
determined preoperatively and at least 1 year after surgery 
[17, 27]. An experienced orthopedic resident and a senior 
orthopedic surgeon performed the clinical examination at 
the time of follow-up, patellar tracking was re-evaluated 
as described above, and the re-dislocation rate was evalu-
ated. All complications which needed surgical revision 
were recorded and analyzed. To analyze patient satisfac-
tion, the patients were asked if they were satisfied with the 
overall outcome of the surgery and whether they would 
choose to undergo the same surgical procedure again, if 
they had to make a decision to do so again. A minimum 
follow-up of 1 year was conducted.

The treatment algorithm was based on a classification of 
patellar instability according to Frosch et al. [13]. In addi-
tion to genu valgum, all concomitant deformities were con-
sidered and appropriately treated in ranking order (Fig. 1). 
The influence of each procedure on patellar tracking was 
intraoperatively checked by direct arthroscopic visualization. 
Medial patellofemoral ligament (MPFL) reconstruction was 
indicated in the presence of recurring patellar instability, 
which was observed in all cases of the study cohort.

Exclusion criteria were first-time traumatic patellar dis-
locations (with or without flake fracture) and direct trauma 
to the patella, as well as an unattempted conservative treat-
ment approach. Complex traumas to the knee with ligament 
injury or traumatic knee dislocations were also excluded, as 
were patients who did not wish to participate in the study. 
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According to the classification by Frosch et al. [13], higher 
grades of accompanying trochlea dysplasia (Dejour B-D) 
or torsional deformities were also excluded from the study.

Surgical technique and postoperative protocol

An arthroscopy was performed at the beginning of every sur-
gery to visualize patellar tracking and evaluate the cartilage 
status in accordance with the International Cartilage Repair 
Society (ICRS). Preoperative planning was performed fol-
lowing the rules defined by Paley et al. [22]. A medial sub-
vastus approach was developed to access the medial meta-
physis of the femur in all cases. A biplanar osteotomy was 
performed with an oscillating saw. After osteosynthesis, 
patellar tracking was re-evaluated.

In the case of persistent maltracking and a pathologically 
increased TT-TG distance, the tibial tubercle was osteoto-
mized according to Elmslie-Trillat [15], creating a fragment 
of approximately 5 cm, which was then medialized, under 
arthroscopic visualization of patellar tracking. The distance 
of medialization was measured intraoperatively.

The MPFL was reconstructed in all cases, according to 
a modified version of Schoettle’s technique [25]. A gracilis 
graft was harvested and fixed in the patella by two suture 
anchors and by an absorbable interference screw at the ana-
tomical femoral insertion site.

Postoperative AP and lateral radiographs were performed 
to check for correct implant positioning and gap closure. 
After initial mobilization during the hospital stay, a standing 
long leg radiograph in the frontal plane under full-weight 
bearing was assessed.

The postoperative rehabilitation protocol included partial 
weight bearing (20 kg body weight) for 6 weeks, and a lim-
ited range of motion of 60° for 2 weeks, and 90° of flexion 
for another 2 weeks. After 6 weeks, full-weight bearing with 
a free range of motion (ROM) was allowed.

An IRB approval was given by the ethics committee of 
the Medical Chamber of Hamburg, Germany (ID PV5191).

Statistical analysis

Clinical and radiological results were summarized with 
mean and standard deviation (SD). The differences in the 
pre- and postoperative outcome data were applied with 
paired t tests. Correlations between variables were analyzed. 
Effects were described with parameter estimates and p val-
ues, with a significance level of < 0.05.

Calculations were performed with the statistical analy-
sis software IBM  SPSS® Statistics Version 21.0.0.0 (IBM, 
Armonk, NY, USA) and by a biometrician at Asklepios 
Proresearch (Hamburg, Germany).

Fig. 1  Treatment algorithm of patellar maltracking and instability. 
The therapeutic algorithm is based on the classification by Frosch 
et al. [15]. Type 1 shows a low risk to re-dislocate. Type 2 includes 
instable patellae without maltracking. Type 3 unites maltracking and 
instability, due to different predisposing risk factors, including genu 
valgum, as shown above. Type 4 presents a severe dysplastic trochlea 

and type 5 does not present instability but maltracking of the patella. 
Multiple risk factors can occur simultaneously to present a com-
bined deformity, causing patellar maltracking, each of which should 
be addressed separately, in descending order (blue arrow). All cases 
of patella instability require stabilization by MPFL reconstruction 
(green arrow)
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Primary outcome of this study was the change of the 
Lysholm score values as a result of the intervention. The null 
hypothesis was that no differences in terms of the Lysholm 
score would be observed.

Based on the publication of Dickschas et  al. [6] and 
own previous research mean differences of at least 15 and 
a standard deviation of the differences of at most 20 were 
expected. With a sample size of 20, the power to detect dif-
ferences in means will be 90%, using a paired t test with a 
5% two-sided significance level.

Results

From 2010 to 2016, 406 cases of patellar instability and mal-
tracking were surgically treated, 31 of which were treated 
due to a valgus deformity of the lower limb. A total of 23 
cases (21 patients) were treated with a varizating medial 
cwDFO. Three patients were lost to follow-up, leaving a 
total of 18 patients (20 cases) with a median age of 23 years 
(range of 15–55 years) who were included in the study. 
Among all included cases, eight knees had undergone sur-
gical treatment, such as MPFL reconstruction, medial reti-
nacular tightening, or lateral retinacular release, before first 
contact with the study clinic. All of the patients had experi-
enced recurrent dislocations of the patella (Fig. 2).

The preoperative measurement of the mechanical leg axis 
in the frontal plane showed a mean angle of 6.5° ± 2.0° val-
gus. The mean TT-TG distance was 19.1 ± 4.8 mm, and the 
average patella height was normal, with a Caton–Deschamps 
index (CDI) of 1.15 ± 0.1. Table 1 displays the most signifi-
cant data of the study collective.

Arthroscopically, we found advanced cartilage lesions 
(III°–IV°, as defined by the ICRS) in 71% of the operated 
knees (n = 14), 87% (n = 12) of which were located retropa-
tellarly (Figs. 3, 4).

Among the study population, we performed 20 cwDFOs, 
correcting the mechanical leg axis by 7.1° ± 2.6°, on aver-
age, to normal values (Fig. 5). A tibial tuberosity transfer 
was performed in 17 cases with an average medialization 
of 10 ± 3.1 mm to physiological values. In all the cases, an 
MPFL reconstruction was performed, using autologous gra-
cilis or semitendinosus grafts (Figs. 2, 3).

After a median follow-up period of 16 (12–64) months, 
no re-dislocation was observed. The knee function was 
improved significantly by the surgery (p < 0.001), and 
patients experienced a significant postoperative improve-
ment of pain on the VAS (p < 0.001). In addition, the 
patients’ level of activity significantly increased compared to 
the level prior to the surgery (p = < 0.001) (Fig. 6; Table 2).

We found a negative correlation between the degree of 
cartilage lesion according to the ICRS definition, and the 

preoperative (r = − 0.576, p = 0.008), and the postoperative 
Lysholm scores (r = − 0.462, p = 0.040).

The results led to a patient satisfaction rate of 100%, 
considering that all of the patients reported that they would 
choose the same surgical procedure again. Clinically, no per-
sistence of patellar maltracking was observed.

One patient reported irritation caused by the osteosyn-
thesis material, which was treated successfully by plate 
removal. We observed no further complications, and all 
osteotomies healed in an appropriate period of time.

Discussion

The most important finding of this study is that excellent 
clinical results can be achieved by combined DFO in terms 
of significant pain reduction and significant functional 
improvement, leading to a high patient satisfaction of 100% 
after a median follow-up of 16 months, with no reported re-
dislocation of the patella.

A high prevalence of advanced retropatellar cartilage 
lesions was found within the study collective, while a nega-
tive correlation with the knee function before (r = − 0.576, 
p = 0.008) and after surgery (r = − 0.462, p = 0.040) was 
observed.

Deformities of the lower limbs are known to influence 
patellofemoral kinematics and to alter the physiological 
tracking of the patella, thus leading to patellofemoral mal-
tracking and instability [13, 14, 26]. McWalter et al. found 
the patella to be located more proximally in full extension 
in the presence of valgus deformities [19]. Functionally, this 
situation may lead to an increased Q-angle, contributing to 
a less stable tracking of the patella [7]. However, studies 
examining the clinical outcome after DFO as a treatment 
of patellar instability and maltracking are rare in recent 
literature.

Swarup et al. reported on successful treatment in ten 
cases of genua valga with subluxated patellae by DFO, 
including two bifocal (tibial and femoral) osteotomies and 
one torsional osteotomy [26]. In seven of the ten included 
knees, the authors found a significant reduction of the pre-
operative pain level on the VAS from 5.6 to 1.6 and a signifi-
cant improvement of the Kujala score from 53.3 to 77.4, an 
observation that is confirmed by our findings. The authors 
found no re-dislocations at the time of follow-up [26]. How-
ever, their collective presented mostly subluxed patellae, 
without additional medial stabilization, and consisted of a 
rather heterogenic cohort, which makes a direct comparison 
rather difficult [26]. We found significant improvement of 
the Lysholm score from 36.1 ± 19.5 to 81.6 ± 11.7 and the 
Kujala score from 40.1 ± 17.9 to 78.5 ± 16.6, as well as a 
significant reduction of pain on the VAS from 8.0 ± 1.4 to 
2.3 ± 2.1. In the presented study, all patients had experienced 
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recurring patellar dislocations, which were accompanied 
by clinically relevant maltracking. A high prevalence of 
advanced cartilage lesions in 71% of the cases (III°–IV° 
according to the ICRS) might be responsible for a compara-
bly higher preoperative level of pain and a more restricted 
knee function.

Dickschas et al. also recently investigated patellofemo-
ral dysbalance due to genua valga in 19 cases which were 

treated by femoral varization [6]. Twelve knees presented 
patellar instability, while in seven cases, sole anterior knee 
pain was reported. In addition to cwDFO, the implemented 
procedures included two open-wedge DFO and six tor-
sional corrections of the femur, as well as tibial tuberosity 
transfer in some cases, and they observed no re-dislocation 
and a significant improvement of Lysholm score from 76 to 

Fig. 2  23-year-old patient with recurrent patellar dislocations and 
a valgus deformity of the lower limb. The standing X-ray image of 
the whole leg showed a valgus deformity of 8° on the left side (a). 
A cwDFO was performed. The preoperatively determined angle of 
correction was marked by two k-wires (b). A Hohmann retractor was 

used to protect the dorsal soft tissue (c), and the osteotomy is per-
formed, followed by the osteosynthesis (d). The procedure was com-
plemented by a tibial tubercle transfer and an MPFL reconstruction 
(e). After 1 year, the patient was pain-free and without re-dislocation
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92 (p < 0.001) and Kujala score from 72 to 87 (p = 0.009). 
No MPFL reconstruction was described [6].

In this presented study, the procedures are clearly defined 
as medial cwDFO, leading to greater homogenization of the 
implemented procedures. MPFL reconstruction was per-
formed in all cases, due to an omnipresent instability of the 
patellofemoral joint.

In general, treatment of patellofemoral instability should 
be based on a 2-column model, consisting of patellar mal-
tracking and patellar instability [11, 12]. As to the presence 
of patellofemoral instability, not only the maltracking has 
to be restored; recurrent dislocations essentially require a 
reconstruction of medially stabilizing structures, such as 
the MPFL, which is most effectively achieved using autolo-
gous semitendinosus or gracilis grafts [3, 18]. Analogous 
recommendations have been given in cases of torsional 
deformities, where the patellofemoral joint stability primar-
ily depends on the integrity of the medial patellofemoral 
ligament [16].

Furthermore, in the presence of patellar instability due 
to genu valgum, combined deformities with the interaction 
of various pathologies can be frequently observed, each of 
which must be considered and specifically addressed if clini-
cally necessary [13]. Therefore, the combination of DFO 

with additional procedures may be necessary to restabilize 
and recenter the patella.

The population of this study showed a mean valgus 
deformity of 6.5° ± 2.0°, with recurrent patellar disloca-
tions in all cases. In addition, we measured pathological 
TT-TG distanced with an average of 19.1 ± 4.8 mm, which 
again outlines the extent to which combined procedures are 
required to effectively address patellar maltracking due to a 
multifactorial problem. A pathologically increased TT-TG 
distance with an arthroscopically reconfirmed maltracking 
may require an additional medialization of the tibial tuber-
cle, which was performed in 17 of the 20 cases presented in 
the current study.

However, no clear recommendation has yet been given 
in the literature concerning the angle of the femorotibial 
deformity, which defines the point of surgical indication 
for a varus osteotomy, in cases of patellar maltracking 
and instability due to genu valgum. For patellofemoral 
instability, we generally indicate a corrective osteotomy 
if the measured leg axis is ≥ 5° valgus. In the treatment of 
osteoarthritis of the knee, however, it has been shown that 
a valgus angle of 3° leads to a 2.5 times higher risk of dis-
ease progression and a 5.9 times higher risk of sustaining 
cartilage lesions [10, 11]. Therefore, a DFO can be taken 

Table 1  Overview of the study 
collective

The table displays the study collective’s most important data, grouped by the procedure performed. The 
procedures included distal femoral osteotomy (DFO), tibial tubercle transfer (TT), MPFL reconstruc-
tion (MPFL) and lateral release (LR). Among the previous surgeries, we found one DFO, two insufficient 
MPFL reconstructions (MPFL), and a tightening of the medial retinaculum (mRT) in five cases, combined 
with a lateral retinacular release (LR) in two cases

DFO, MPFL DFO, TT, MPFL DFO, TT, MPFL, LR

Total knees 3 12 5
Age at surgery (years) 42 (19–43) 23 (15–46) 23 (17–55)
Right knee involved 1/3 7/12 2/5
Left knee involved 2/3 5/12 3/5
Male 1/3 4/12 1/5
Female 2/3 8/12 4/5
Previous MPFL 0 2/12 0
Previous mRT 0 3/12 0
Previous DFO 0 1/12 0
Previous LR + mRT 0 1/12 1/5
Preoperative leg axis (°) 14.0 ± 1.0 6.6 ± 2.3 6.5 ± 1.4
Correction angle (°) 6.3 ± 1.9 7.4 ± 3.2 6.6 ± 1.9
Postoperative leg axis (°) 0.8 ± 1.2 var 0.3 ± 1.4 var 0.1 ± 0.8 var
TT-TG (mm) 14.0 ± 1.0 19.8 ± 4.1 20.9 ± 6.0
TT medialization (mm) – 9 ± 3 12 ± 3
CDI 1.11 ± 0.18 1.13 ± 0.12 1.18 ± 0.08
I° ICRS 0 0 0
II° ICRS 0 3 0
III° ICRS 2 5 2
IV° ICRS 1 2 2
Follow-up (months) 57 (23–64) 15 (12–42) 14 (12–17)
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Fig. 3  20-year-old patient with 
recurring patella dislocations. 
The preoperative X-ray of the 
leg axis showed a bilateral val-
gus deformity of 7.5° (a). Previ-
ously, a soft-tissue stabilizing 
surgery failed to stabilize the 
patella. The axial plane of the 
MRI revealed IV° retropatellar 
cartilage lesions and a lateral-
ized patella (b). A mild trochlea 
dysplasia type A (according to 
Dejour) was seen. The cartilage 
lesions were reconfirmed 
arthroscopically (c). In addition, 
an increased TT-TG distance 
of 16.5 mm was measured. A 
medial cwDFO was performed, 
correcting the leg axis by 8°, 
combined with a medialization 
of the tibial tubercle by 8 mm 
and a reconstruction of the 
MPFL. A postoperative stand-
ing X-ray image of the whole 
leg documented a neutralized 
leg axis after cwDFO, tibial 
tubercle transfer, and MPFL 
reconstruction (d)

Fig. 4  Distribution of cartilage 
lesions according to ICRS. A 
high prevalence of advanced 
cartilage lesions (III°–IV°) 
was found in almost 71% of all 
knees. Fewer than 10% were 
free of cartilage lesions
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into consideration earlier if the valgus deformity is found 
to cause patellofemoral instability and in the simultaneous 
presence of femorotibial cartilage lesions, especially in the 
lateral compartment [11].

Preoperatively a poor knee function was observed 
(Lysholm 36.1) with high levels of pain (VAS 8.0) and a 
low activity level (median Tegner 2.0). This may partially 
be explained by the high prevalence of III°–IV° cartilage 
lesions (71%), which correlate negatively with the preopera-
tive (r = − 0.576, p = 0.008) and the postoperative Lysholm 
scores (r = − 0.462, p = 0.040). Salonen et al. found progres-
sive deterioration of cartilage after a 5-year follow-up of 
asymptomatic single-time traumatic patellar dislocations in 
the absence of further predisposing destabilizing pathologies 
[23]. The patients enrolled in this study, however, presented 
severe combined pathologies concerning the leg axis and the 
TT-TG distance. These deformities are known to alter physi-
ological patellar tracking, causing early deterioration of the 
patellofemoral cartilage, which may potentially increase the 
patients’ limitation of knee function [11, 28].

One limitation of this study was its retrospective charac-
ter. In addition, further bias may have resulted from the wide 
variance of the follow-up period after which the patients 
were examined. Moreover, there was no control group, 
which resulted from the lack of alternative treatment options 
for the described deformity pattern. Furthermore, the surgi-
cal therapy consisted of multiple combined procedures to 
address all relevant pathologies.

Conclusion

Combined DFO is a suitable treatment for patellar instabil-
ity and maltracking due to genu valgum, with a very low 
re-dislocation rate, a significant reduction of pain, and a 
significant increase of knee function, which showed excel-
lent results in the short-term follow-up. A high incidence 
of substantial cartilage lesions is observed, which may be 
responsible for pre- and postoperative limitations of knee 
function.

Fig. 5  Intraoperative setting of a varizating, minimal invasive 
cwDFO. The size of the medial wedge is marked by k-wires in 
accordance with the preoperative planning of the osteotomy (a). The 
osteotomy is performed with an oscillating saw with guidance from 

the k-wires. Care should be taken to avoid soft-tissue damage (b). 
After the osteotomy is completed, the wedge can be removed using 
a small clamp (c). d Empty gap after removing the wedge. The gap 
is then gently closed and the osteosynthesis is performed with a plate
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