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Objective: The objective of this study was to unveil the characteristics of fracture
lines distribution and explore its clinical significance of complete articular fractures
of the patella.

Methods: A consecutive series of image data from 88 patients with complete
articular patella fractures were retrospectively included. Three-dimensional
reconstruction images of the patella fractures were created and collected.
Subsequently, these reconstructed images were visually overlaid onto a standard
anterior and posterior patella template. The fracture lines were then identified,
traced onto the template, and utilized to generate patella fracture maps.
Furthermore, the incidence rate of patella fracture lines involving the distal pole
was analyzed.

Results: The maps depict the fracture lines of complete articular patella fractures.
For simple and complex patella fractures, the primary fracture lines primarily
converge within the Middle and Lower regions, exhibiting a transverse pattern.
Conversely, the primary fracture lines in comminuted patella fractures are
randomly dispersed across the patella. Examining the maps, approximately
63.6% (56/88) of complete articular patella fractures exhibited involvement of
the distal pole in the anterior view, while 48.9% (43/88) displayed distal pole
fractures in the posterior view. The incidence of distal pole injury increased
progressively with the severity of patella fractures.

Conclusion: The patterns and distribution of fracture lines in cases of complete
articular patella fractures are prominently illustrated on the constructed fracture
maps. Familiarity with these common characteristics of complete articular
patella fracture, especially with the distal pole injury, can aid surgeons in
developing preoperative planning, executing surgical strategies effectively, and
reducing inappropriate treatment.
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Background

The patella, being the largest sesamoid bone in the human body, plays a crucial role in
stabilizing knee joint function, supporting walking, and augmenting quadriceps strength (1).
Surgical intervention is necessary when patella fracture hampers knee function (2). Patella
fractures generally occur in patients over the age of 50 and account for approximately 1%
of all fractures (2, 3). These fractures are commonly caused by direct or indirect trauma,
with a significant proportion involving the articular surface. Direct impact or falls often
result in comminuted patella fractures, while indirect injuries such as excessive quadriceps
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contraction lead to transverse fractures. Fractures involving the
articular surface, comminution, or displacement greater than
1-4 mm are indications for surgical intervention (4, 5). Various
techniques including Kirschner wires, tension band fixation,
cannulated screws, plates, and suture anchors have been widely
(6-8).
postoperative complications such as skin irritation, chronic pain,

employed for treating patella fractures However,
internal fixation failure, traumatic osteoarthritis, and the need for
secondary operations are relatively common due to a lack of
comprehensive understanding of patella fractures (9, 10).
Therefore, it is essential to have a comprehensive understanding of
the characteristics of patella fractures in order to select appropriate
management strategies and achieve favorable outcomes.

While conventional x-ray imaging serves as the standard
diagnostic method for patella fractures, the position of the
patient’s knee and the projection angle may affect the accuracy of
fracture characterization (11). Computed tomography (CT) scans
have become frequently utilized in orthopedics due to their
ability to provide fast and precise examination details of
(3D) CT

physicians in identifying the location of fracture lines and the

fractures. Three-dimensional reconstruction aids
morphology of different fragments (12). Previous studies have
demonstrated that inaccurate evaluation of fracture patterns lead
to inappropriate treatment and subsequent functional
impairments of the patella (13). Researches have shown that
fracture line maps can assist surgeons in understanding fracture
morphology, facilitating preoperative planning, and determining
suitable treatment methods (14-16).

In this study, we employed CT mapping techniques to establish
frequency distribution maps of patella fracture lines in anterior and
posterior views. The objective of this research was to further
characterize the common distribution characteristics of patella
fracture lines and provide valuable references for surgeons during

preoperative planning and select appropriate treatment options.

Clinical data
General information

From July 2017 to March 2020, CT imaging data from 118
patients with patella fractures were collected. Experienced
orthopedic physicians searched the Picture Archiving and
Communication System (PACS) database to obtain the data. The
inclusion criteria for this study were as follows: patients with
complete articular patella fractures (OTA/AO 34C type), aged 18
years or older, and high-quality CT scans (slice thickness
between 0.5mm and 1.0 mm). Patients with pathological
fractures, a history of previous patella fractures, or severe
comminuted fractures with unclear fracture lines were excluded.
Two experienced orthopedic surgeons evaluated and collected all
the CT data of the patients. Ultimately, 88 cases of complete
articular patella fractures were included in the study (Figure 1).
Among these cases, there were 40 males and 48 females, with a
mean age of 57.2 years (ranging from 25 to 82 years). The left
side was affected in 47 patients, while the right side was affected
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Initial database
CT imaging data for patients with patella fracture from July 2017 to March 2020
(n=118)

Exclusion criteria

©® Non-complete articular patalla fracture (n=15)
Age<18 years (n=3)
Without good-quality CT scans (n=5)
A history of patella fracture (n=3)
Severe comminuted fracture with unclear
fractuer lines conditions (n=4)

88 patients with complete articular patella fracture included in analysis

FIGURE 1
Flow diagram of case in- and exclusion.

in 41 patients. The fractures resulted from falls from heights in
57 patients, vehicle accidents in 26 patients, and other causes in
5 patients. The study received approval from the institutional
review board of the hospital, and informed consent was obtained
from all participants.

Fracture mapping

The Digital Imaging and Communications in Medicine
(DICOM) format data of a healthy young man’s left knee joint
was imported into the E-3D Digital Orthopaedics software
(developed by Central South University, Changsha, China). Using
this software, image and standard modeling were performed after
3D reconstruction. The tibia, femur, and fibula were removed,
leaving only the patella. The “standard anterior and posterior”
views of the patella were selected within the software and utilized
as the template for analysis (12). In order to facilitate a more
detailed exploration of the distribution regions of patella fracture
lines, the patella template was divided into four regions: upper
region, middle region, lower region, and distal pole (Figure 2).

Subsequently, the DICOM format data of the 88 included cases
were individually loaded into the E-3D software. Through this
software, 3D reconstruction and virtual reduction of patella
fractures were conducted, matching them with the standard
template to represent the details of the fracture lines. For right-
sided patella fractures, virtual reduction was performed, followed
by a horizontal flip to match the left-sided model. The resulting
3D reconstruction images were then imported into Adobe
Photoshop CC 2019 software (Adobe Systems Incorporated, San
Jose, CA, USA). Using the pencil tool in Photoshop, individual
fracture lines were meticulously drawn on both the anterior and
posterior views (Figure 3).

By overlaying all the individual fracture lines onto the standard
patella template, a comprehensive map of the fracture lines was
obtained. To examine the features of fracture line distribution
regions and fracture patterns, three groups were defined based on
the type of fracture lines. Group A: This group consisted of cases
with simple patella fractures characterized by one primary
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FIGURE 2
The four regions of standard patella template
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FIGURE 3

The process of virtual reduction of patella fracture in E-3D software, and drawing and superimposing fracture lines to template in Photoshop software. (A-D)
3D reconstruction and virtual reduction of patella fracture. (E~H) Drawing fracture lines and superimposing them to the anterior and posterior templates.

fracture line. Group B: Cases with complex patella fractures were
included in this group, featuring one primary fracture line along
with multiple secondary fracture lines. Group C: Comminuted
patella fractures, characterized by more than two primary
fracture lines (Figure 4). These groupings allowed for a detailed
analysis of the fracture line distribution regions and patterns
observed in the complete articular patella fractures.

Statistical analysis

Continuous variables such as patient characteristics are
presented as mean + standard deviation. Categorical variables are

Frontiers in Surgery

03

presented as frequencies or proportions. Descriptive analyses
were used to construct the characteristics of fracture lines
distribution of complete articular patella fractures.

Results

The results of this study include the fracture line maps of the 88
cases with complete articular patella fractures, presented on both
the anterior and posterior patella templates (Figure 5). Viewing
the distribution characteristics of these maps, we found that the
fracture line distribution characteristics and regions were not
identical on the anterior and posterior sides. On the anterior
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FIGURE 4

The definition of three Groups based on the fracture lines type. (A) Group A refers to a simple patella fracture, with one primary fracture line. (B) Group B
refers to a complex patella fracture, with one primary fracture line and some secondary fracture lines. (C) Group C refers to a comminuted patella fracture,
with more than two primary fracture lines.

Anterior Posterior

.
apis einaLy

Anterior Posterior
Group B

FIGURE 5
The distribution characteristics of complete articular patella fractures lines in the anterior and posterior views. (A,B) Maps of all fracture lines together. (C,
D) Maps of fracture lines distribution in group A. (E,F) Maps of fracture lines distribution in group B. (G,H) Maps of fracture lines distribution in group C.

side, 19 cases showed as Group A, including 3 cases with distal pole ~ the primary fracture lines were primarily concentrated between
injury. 51 cases showed as Group B, including 37 cases with distal ~ the middle and lower regions in both the anterior and posterior
pole injury. 18 cases showed as Group C, including 16 cases with  views. This distribution pattern indicates a transverse fracture
distal pole injury. On the posterior side, 28 cases showed as  pattern. In complex patella fractures (Group B), the primary
Group A, including 3 cases with distal pole injury. 47 cases fracture lines were predominantly located between the middle
showed as Group B, including 28 cases with distal pole injury. 13 and lower regions, exhibiting a transverse fracture pattern similar
cases showed as Group C, including 12 cases with distal pole injury. ~ to Group A. However, in addition to the primary fracture line,

The primary fracture lines distribution regions were there were also multiple secondary fracture lines involved in the
summarized in Table 1. For simple patella fractures (Group A), lower and distal pole regions. Comminuted patella fractures

TABLE 1 The features of primary fracture lines location in the anterior and posterior views of the patella.

Anterior view of patella Posterior view of patella
Group A (n=19)  Group B (n=51) | Group C (n=18) | Group A (n=28) @ Group B (n=47) | Group C (n=13)
Three regions / / 18 / / 13
Upper 0 0 / 0 0 /
U&M 1 2 / 2 3 /
Middle 1 16 / 2 15 /
M&L 7 28 / 7 26 /
Lower 10 5 / 17 3 /
Distal pole involved 3 (15.7%) 37 (72.5%) 16 (88.9%) 3 (10.7%) 28 (59.6%) 12 (92.3%)

U&M, the junction of the upper and middle regions; M&L, the junction of the middle and lower regions.
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(Group C) displayed a random dispersion of primary fracture lines
across the patella in both the anterior and posterior views.

Of note, about 63.6% (56/88) complete articular patella
fractures associated with the distal pole fracture in the anterior
view, whereas 48.9% (43/88) fractures associated with the distal
pole fracture in the posterior view, which was easy to neglect in
traditional x-ray examination. It showed the inconsistency of
fracture lines between observations from the anterior and
posterior views. Additionally, the incidence rate of involved distal
pole injury was gradually increasing with the severity of patella
fractures (Table 1, Group C > Group B > Group A).

Discussion

At present, the OTA/AO classification system, based on
fracture line orientation and complexity of the fracture with plain
radiography, is and accepted fracture
classification system (17). of the
superimposition of the patella fragments and femoral condyle, it

the most popular
However, as a result
is hard to accurately identify the significant morphologic details
and fracture lines orientation. With the development of CT scan
and 3D reconstruction techniques, a complete explanation of the
fracture patterns and characteristics can be achieved (12, 18).
Cole et al. conducted the fracture mapping technology by
superimposing fracture lines from axial CT scan to reveal the
fracture lines conditions and develop preoperative planning (14).
However, the maps mentioned above could not reflect the whole
fracture characteristics of the intact bone structure.

In the present study, 3D construction and virtual reduction of
patella fracture were performed, and the reconstruction images
were utilized to create fracture maps. The patella fracture maps
demonstrated that the transverse fracture was the most common
fracture type, which was similar to those of previously published
results of Misir et al. (19). The primary fracture lines of Group A
and B were mostly concentrated between the region M and
L. Whereas the primary fracture lines of Group C were randomly
spread. Researches have found that the fracture maps could assist
surgeons to make preoperative planning and choose appropriate
surgical strategies (15, 16). The tension band wiring with
kirschner wire or cannulated screw was suitable for simple
transverse fracture pattern (Group A). It can transform tensile
forces into compressive forces during knee flexion and provide
stable fixation (20-22). However, it may cause internal fixation
failure in complex patella fracture like Group B. Because the
second fracture lines of patella would lead to fragment
displacement and fixation stability lost. Previous studies have
proved that tension band wiring combined with the wire loop
cerclage or screws fixation could provide stable fixation for
complex patella fracture (13, 23). However, the surgical methods
mentioned above may be hardly to fix the comminuted patella
fractures like Group C, because the comminuted fracture
fragments are prone to displacement and lose fixation (2, 24).
Taylor et al. reported that after accurate evaluation of fracture
patterns, fixed-angle plates and mesh plates were successfully
utilized in a severe complex comminuted patella fracture, all of
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which achieved superior function outcomes compared with
traditional tension band wiring (7). Ellwein et al. discovered that
the patella locking plating was a safe and effective treatment for
comminuted patella fracture, and most patients achieved better
range of motion (140°-143°), higher Kujala score (97 scores)
25). Chen et al. found that the application of the Nice knots as
an auxiliary reduction technique in displaced comminuted patella
fractures was associated with reduced surgical time, decreased
intraoperative blood loss and satisfactory postoperative outcome
(26). Another study discovered that anatomically contoured
locking plates allow secure fixation of the comminuted fracture
fragments compared with tension band wiring, it also could
provide good functional results and low complication rates (27).
Siljander et al. revealed that using the low-profile mesh plating
technique, complicated patella fracture with the distal pole injury
can achieve early rehabilitation, fewer complications, and better
recovery (28).

In addition, through the fracture maps, we discovered that the
distribution characteristics of fracture lines were inconsistent in the
anterior and posterior views. Approximately 63.6% of the complete
articular patella fracture were observed with distal pole fractures in
the anterior view, about 48.9% in the posterior view. And the
incidence rate of involved distal pole fracture was gradually
increasing with the severity of patella fracture (Table 1). The
distal pole of the patella is very important in maintaining the
stability of the overall knee structure (1). The combined distal
pole fractures were easily to overlooked in the traditional x-ray
examination and seldom to manage in clinical practice, which
may affect the function prognosis and lead to fixation failure.
Non-rigid internal fixation of the inferior pole fracture would
disrupt the extensor mechanism, which results in considerable
functional disability (29). A research revealed that the anchor
and Krackow-“8” Suture for the fixation of distal pole fracture
was an effective operation method and better surgical outcome
(30). Suture bridge anchor fixation was also successfully used in
the comminuted inferior pole fracture patella, which showed
good bony union and satisfactory clinical outcome (8). Therefore,
clinical surgeons should pay enough attention before preoperative
evaluation and planning for complete articular patella fracture,
especially for those associated with distal pole injury, and reduce
inappropriate treatment options.

This study had several limitations that should be noted. First,
the sample size was small because many patients without CT
scans were excluded, and this might have influenced the
universality of the results. Second, the distribution characteristics
of fracture lines with different genders and injury mechanisms
were not evaluated. Third, the zone of we interest employed in
the patella fractures could not match the template perfectly
because of the anatomical variability nature of the patella.
Consequently, the extracted fracture lines overlapped with the
standard template, slightly losing the authenticity of the real
fracture morphology. Therefore, a larger sample size and multi-
factor study are needed for future investigations. Despite these
limitations, we still think that a comprehensive understanding of
patella fracture patterns could provide valuable information and
clinical reference for surgeons during preoperative planning.
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Conclusion

This study describes fracture lines distribution characteristics of
complete articular patella fractures. Knowledge of these can
provide surgeons with a comprehensive understanding of fracture
patterns and the features of distal pole injury. It can assist
surgeons in developing preoperative planning, selecting optimal
surgical strategies, and reducing inappropriate treatment.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by The Ethics
Committee of Luodian Hospital, Baoshan District, Shanghai. The
studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation in this study was provided by the participants’ legal
guardians/next of kin. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

Author contributions

XW: Data curation, Formal analysis, Investigation, Writing —
original draft. SZ: Data curation, Investigation, Writing — original
draft, Formal analysis. WW: Data curation, Formal analysis,

References

1. Fox AJ, Wanivenhaus F, Rodeo SA. The basic science of the patella: structure,
composition, and function. J Knee Surg. (2012) 25:127-41. doi: 10.1055/s-0032-
1313741

2. Schuett DJ, Hake ME, Mauffrey C, Hammerberg EM, Stahel PF, Hak DJ. Current
treatment strategies for patella fractures. Orthopedics. (2015) 38:377-84. doi: 10.3928/
01477447-20150603-05

3. Larsen P, Court-Brown CM, Vedel JO, Vistrup S, Elsoe R. Incidence and
epidemiology of patellar fractures. Orthopedics. (2016) 39:e1154-8. doi: 10. 3928/
01477447-20160811-01

4. Reul M, Verschaeve M, Mennes T, Nijs S, Hoekstra H. Functional outcome and
economic burden of operative management of patellar fractures: the pivotal role of
onerous implants. Eur ] Trauma Emerg Surg. (2018) 44:697-706. doi: 10.1007/
500068-017-0850-2

5. Steinmetz S, Briigger A, Chauveau ], Chevalley F, Borens O, Thein E. Practical
guidelines for the treatment of patellar fractures in adults. Swiss Med Wkly. (2020)
150:w20165. doi: 10.4414/smw.2020.20165

6. Lin T, Liu ], Xiao B, Fu D, Yang S. Comparison of the outcomes of cannulated
screws vs. Modified tension band wiring fixation techniques in the management of
mildly displaced patellar fractures. BMC Musculoskelet Disord. (2015) 16:282.
doi: 10.1186/s12891-015-0719-7

7. Taylor BC, Mehta S, Castaneda ], French BG, Blanchard C. Plating of patella
fractures: techniques and outcomes. J Orthop Trauma. (2014) 28:¢231-5. doi: 10.
1097/BOT.0000000000000039

8. Kim KS, Suh DW, Park SE, Ji JH, Han YH, Kim JH. Suture anchor fixation of
comminuted inferior pole patella fracture-novel technique: suture bridge anchor

Frontiers in Surgery

10.3389/fsurg.2023.1284479

Writing - original draft. QY: Data curation, Methodology,
Writing - original draft. LC: Supervision, Validation, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This research is supported by the Clinical Research Project of
Shanghai Municipal Health Commission (No. 202040372) and
the Science and Technology Committee of Baoshan District of
Shanghai (21-E-14), and the Construction of Key Medical
Disciplines of Baoshan District of Shanghai (BSZK-2023-Z07).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

fixation technique. Arch Orthop Trauma Surg. (2021) 141:1889-97. doi: 10.1007/
500402-020-03671-5

9. LeBrun CT, Langford JR, Sagi HC. Functional outcomes after operatively treated
patella fractures. J Orthop Trauma. (2012) 26:422-6. doi: 10.1097/BOT.0b013e318228clal

10. Lazaro LE, Wellman DS, Sauro G. Outcomes after operative fixation of complete
articular patellar fractures: assessment of functional impairment. J Bone Joint Surg Am.
(2013) 95:96-8. doi: 10.2106/JBJS.L.00012

11. Mustonen AO, Koskinen SK, Kiuru MJ. Acute knee trauma: analysis of
multidetector computed tomography findings and comparison with conventional
radiography. Acta Radiol. (2005) 46:866-74. doi: 10.1080/02841850500335135

12. Byun SE, Shon OJ, Sim JA. Application of three-dimensional computed
tomography improved the interrater reliability of the AO/OTA classification
decision in a patellar fracture. J Clin Med. (2021) 10:3256. doi: 10.3390/jcm10.153256

13. Lazaro LE, Wellman DS, Pardee NC. Effect of computerized tomography on
classification and treatment plan for patellar fractures. J Orthop Trauma. (2013)
27:336-44. doi: 10.1097/BOT.0b013e318270dfe7

14. Cole PA, Mehrle RK, Bhandari M, Zlowodzki M. The pilon map: fracture lines
and comminution zones in OTA/AO type 43C3 pilon fractures. J Orthop Trauma.
(2013) 27:e152-6. doi: 10.1097/BOT.0b013e318288a7e9

15. Labronici PJ, Junior AFM, da Silva AAM. CT mapping for complex tibial pilon
fractures: understanding the injury pattern and its relation to the approach choice.
Injury. (2021) 523:570-6. doi: 10.1016/j.injury.2021.04.064

16. Yu T, Zhang Y, Zhou H, Yang Y. Distribution of posterior malleolus fracture
lines in ankle fracture of supination-external rotation. Orthop Traumatol Surg Res.
(2021) 07:103000. doi: 10.1016/j.0tsr.2021.103000

frontiersin.org


https://doi.org/10.1055/s-0032-1313741
https://doi.org/10.1055/s-0032-1313741
https://doi.org/10.3928/01477447-20150603-05
https://doi.org/10.3928/01477447-20150603-05
https://doi.org/10. 3928/01477447-20160811-01
https://doi.org/10. 3928/01477447-20160811-01
https://doi.org/10.1007/s00068-017-0850-2
https://doi.org/10.1007/s00068-017-0850-2
https://doi.org/10.4414/smw.2020.20165
https://doi.org/10.1186/s12891-015-0719-7
https://doi.org/10.1097/BOT.0000000000000039
https://doi.org/10.1097/BOT.0000000000000039
https://doi.org/10.1007/s00402-020-03671-5
https://doi.org/10.1007/s00402-020-03671-5
https://doi.org/10.1097/BOT.0b013e318228c1a1
https://doi.org/10.2106/JBJS.L.00012
https://doi.org/10.1080/02841850500335135
https://doi.org/10.3390/jcm10.153256
https://doi.org/10.1097/BOT.0b013e318270dfe7
https://doi.org/10.1097/BOT.0b013e318288a7e9
https://doi.org/10.1016/j.injury.2021.04.064
https://doi.org/10.1016/j.otsr.2021.103000
https://doi.org/10.3389/fsurg.2023.1284479
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wang et al.

17. Marsh JL, Slongo TF, Agel J. Fracture and dislocation classification compendium—
2007: orthopaedic trauma association classification, database and outcomes committee.
J Orthop Trauma. (2007) 21:51-S133. doi: 10.1097/00005131-200711101-00001

18. Huang AB, Luo X, Song CH, Zhang JY, Yang YQ, Yu JK. Comprehensive
assessment of patellar morphology using computed tomography-based three-
dimensional computer models. Knee. (2015) 22:475-80. doi: 10.1016/j.knee.2015.05.010

19. Misir A, Kizkapan TB, Uzun E, Oguzkaya S, Cukurlu M, Golgelioglu F. Fracture
patterns and comminution zones in OTA/AO 34C type patellar fractures. J Orthop
Trauma. (2020) 34:e159-64. doi: 10.1097/BOT.0000000000001678

20. Heusinkveld MH, den Hamer A, Traa WA, Oomen PJ, Maffulli N. Treatment of
transverse patellar fractures: a comparison between metallic and non-metallic
implants. Br Med Bull. (2013) 107:69-85. doi: 10.1093/bmb/1dt013

21. Gardner MJ, Griffith MH, Lawrence BD, Lorich DG. Complete exposure of the
articular surface for fixation of patellar fractures. ] Orthop Trauma. (2005) 19:118-23.
doi: 10.1097/00005131-200502000-00008

22. Hsu KL, Chang WL, Yang CY, Yeh ML, Chang CW. Factors affecting the
outcomes of modified tension band wiring techniques in transverse patellar
fractures. Injury. (2017) 48:2800-6. doi: 10.1016/j.injury.2017.10.016

23. Yang L, Yueping O, Wen Y. Management of displaced comminuted patellar
fracture with titanium cable cerclage. Knee. (2010) 17:283-6. doi: 10.1016/j.knee.
2010.02.005

Frontiers in Surgery

07

10.3389/fsurg.2023.1284479

24. Della Rocca GJ. Displaced patella fractures. ] Knee Surg. (2013) 26:293-9. doi: 10.
1055/s-0033-1353988

25. Ellwein A, Lill H, DeyHazra RO, Smith T, Katthagen JC. Outcomes after locked
plating of displaced patella fractures: a prospective case series. Int Orthop. (2019)
43:2807-15. doi: 10.1007/s00264-019-04337-7

26. Chen M, Jin X, Fryhofer GWL. The application of the nice knots as an auxiliary
reduction technique in displaced comminuted patellar fractures. Injury. (2020)
51:466-72. doi: 10.1016/j.injury.2019.12.005

27. Buschbeck S, Gétz K, Klug A, Barzen S, Gramlich Y, Hoffmann R. Comminuted
AO-C3 fractures of the patella: good outcome using anatomically contoured
locking plate fixation. Int Orthop. (2022) 46:1395-403. doi: 10.1007/s00264-022-
05374-5

28. Siljander M, Koueiter DM, Gandhi S, Wiater BP, Wiater PJ. Outcomes following

low-profile mesh plate osteosynthesis of patella fractures. ] Knee Surg. (2018)
31:919-26. doi: 10.1055/s-0038-1625958

29. Chang CH, Shih CA, Kuan FC, Hong CK, Su WR, Hsu KL. Surgical treatment of
inferior pole fractures of the patella: a systematic review. J Exp Orthop. (2023) 10:58.
doi: 10.1186/540634-023-00622-y

30. Xie J, Fu Y, Li J, Yu H, Zhang Y, Jing J. Anchor and krackow-“8” suture for the
fixation of distal pole fractures of the patella: comparison to kirschner wire. Orthop
Surg. (2022) 14:374-82. doi: 10.1111/0s.13124

frontiersin.org


https://doi.org/10.1097/00005131-200711101-00001
https://doi.org/10.1016/j.knee.2015.05.010
https://doi.org/10.1097/BOT.0000000000001678
https://doi.org/10.1093/bmb/ldt013
https://doi.org/10.1097/00005131-200502000-00008
https://doi.org/10.1016/j.injury.2017.10.016
https://doi.org/10.1016/j.knee.2010.02.005
https://doi.org/10.1016/j.knee.2010.02.005
https://doi.org/10.1055/s-0033-1353988
https://doi.org/10.1055/s-0033-1353988
https://doi.org/10.1007/s00264-019-04337-7
https://doi.org/10.1016/j.injury.2019.12.005
https://doi.org/10.1007/s00264-022-05374-5
https://doi.org/10.1007/s00264-022-05374-5
https://doi.org/10.1055/s-0038-1625958
https://doi.org/10.1186/s40634-023-00622-y
https://doi.org/10.1111/os.13124
https://doi.org/10.3389/fsurg.2023.1284479
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	A study of fracture lines distribution characteristics in complete articular fractures of the patella
	Background
	Clinical data
	General information
	Fracture mapping
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


