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Background: Multi-fragmentary patella fractures (MFPFs) are common patella fracture type. Low-profile
plate fixation seems to be promising advancement in the treatment of such difficult fractures. There is no
systematic morphologic study specifically for MFPFs to provide objective reference for the improvement
of future implants and biomechanical models. This study aimed to delineate and quantify the location and
spatial frequency of fracture lines, comminution zones, and coronal plane fragments in MFPFs using three-
dimensional 3D) CT mapping technique.

Methods: A total of 187 MFPFs were retrospectively reviewed and analyzed. Fractures were digitally
reconstructed from CT data, and fracture lines, comminution zones, and coronal fragments were graphically
overlaid onto a 3D patella template. Fracture characteristics were summarized qualitatively based on the
fracture maps and quantitatively on the counts and volume of each fragment. Furthermore, according to the
classic fracture patterns concerning MFPFs, subgroup analysis was conducted.

Results: On average, we observed 7 fragments in each fracture, 3 of which were <1 cm’. Most fractures
(81.2%) had coronal fragments on the anterior and/or posterior patella surfaces. We identified three classic
patella fracture patterns: transverse with comminution, stellate, and “displaced comminuted” in 104, 54,
and 29 knees, respectively. 3D maps demonstrated distinct distribution fracture patterns of fracture lines,
comminution zones, and coronal fragments.

Conclusions: Supero-medial corner of the patella was seldomly involved, and might be used as
the cornerstone for fixation. Coronal fragments were common on both anterior and posterior patella
surfaces, justifying the application of anterior plate osteosynthesis characterized by multi-planar fixation.
Comminution areas mainly concentrated in the lower half of the patella, potentially suitable for an implant
in combination with sutures or circumferential cerclage wiring. The described 3D features of MFPFs could

provide reference for the design of future implants and biomechanical models.
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Introduction

Patella fractures account for approximately 1% of all
skeletal fractures (1). Multi-fragmentary patella fractures
(MFPFs) are common patella fracture type, but restoration
of patellofemoral joint congruity and maintenance of stable
fixation allowing for early postoperative rehabilitation
remain challenging (2,3). Tension band wiring has been
widely used in the treatment of patella fractures, however,
it is associated with poor functional outcome and surgical
complications, including a high rate of implant removal
(3-5). Recently, a number of studies demonstrated that
low-profile plating could fix patella fractures rigorously
and improve postoperative knee function, particularly in
comminuted patella fracture patterns (6-8). It also should
be noted that plates may be bulky and irritate soft tissues,
thus increasing the risk of wound healing problems. As the
fixation methods may be influenced by the patella fracture
patterns and comminution areas, a systematic morphologic
study specifically for MFPFs is in need to provide reference
for optimal surgical strategy.

Conventional radiography in two dimensions is
insufficient to demonstrate the complex fracture patterns
of MFPFs. The CT based fracture mapping technique,
particularly in 3D context, has proved useful to define the
spatial features of complex fractures (9,10). The purpose
of this study was to delineate the location and frequency of
fracture lines, comminution zones, and coronal fragments of
MFPFs using the 3D mapping technique. We hypothesized
that 3D fracture mapping would demonstrate salient
features of MFPFs and that there were distinct, recurrent
characteristics among different classic patterns. We present
the following article in accordance with the STROBE
reporting checklist (available at https://dx.doi.org/10.21037/
atm-21-1814).

Methods
Subjects

We conducted a retrospective study at a large level-I trauma
center. We searched in the orthopaedic database for patients
diagnosed with a patella fracture between January 2017 and
April 2018. The latest AO/OTA classification was used to
identify all 34C3 patella fractures, which refer to “complete
articular, frontal/coronal, multi-fragmentary fractures” (11).
We excluded patients who were without CT imaging data,
skeletally immature, or had a history of knee surgery. The
study was conducted in accordance with the Declaration of
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Helsinki (as revised in 2013). The study was approved by
Institutional Ethics Committee of Shanghai Sixth People’s
Hospital (No.: 2016-89-1) and individual consent for this
retrospective analysis was waived.

Fracture mapping

The 3D fracture mapping process was conducted as
described previously (9,10) (Figure I). Briefly, DICOM-
formatted CT data of all MFPFs were imported into
Mimics software (Version 17.0, Materialise, Leuven,
Belgium) for 3D reconstruction and segmentation of each
fragment. The segmented fragments of each case were then
exported to 3-matic software (Version 10.2, Materialise,
Leuven, Belgium) for 3D mapping. These digitally
reconstructed fractures were rotated, normalized to fit a 3D
template of the patella. The osseous contours of the whole
patella, area of the articular surface, and distal pole were
anatomical landmarks referenced in the fitting process. The
surface of the template was marked and divided into small
independent surfaces; the borders coincided with the fracture
lines of patella fragments. The strokes around the surfaces
were used to delineate the fracture lines of fragments >1 cm’,
while the filling color on the surfaces was used to describe the
comminution area composed of fragments <1 cm’ (Figure 1E).
All fracture lines and comminution zones were overlaid onto
the template 3D model to produce a spatial fracture map.
Heat maps based on the spatial frequency of fracture lines
were generated with custom E3D software (12) (Central
South University, Changsha, China).

Besides the “all-in-one” fracture map, separate maps were
created according to the classic patellar fracture patterns
(13,14). The type C3 patella fractures were classified into
transverse pattern with comminution, stellate/comminuted
pattern, or “displaced comminuted” pattern.

Coronal plane fractures

MFPFs can occur in multiple planes, and those
containing coronal plane fractures will raise additional
fixation concern (15). Therefore, special attention was
given to interpret the distribution and frequency of coronal
fragments (>1 cm’).

Quantitation of comminution extent

Increased comminution of a fracture is related to increased
surgical complexity and a worse outcome (16). To quantify
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Figure 1 Schematic of method used for 3D computed tomography (CT) mapping of multi-fragmentary patella fractures. With the CT

images of each fracture, patella fragments were segmented and reconstructed as independent 3D models (A), and then digitally “reduced” (B).

Each reduced fractured patella was then fit to an intact 3D patella template. The osseous contours of the whole patella, the articular surface,

and the distal pole were anatomical landmarks referenced in the fitting process. The patient’s fracture was mirror reversed if necessary

and then fit onto the model (C,D). The contour of the large fragment (>1 cm’) is digitally delineated with thin lines (black), and the area

containing small fragments (<1 cm’) is identified by a marked (green) zone (E).

the comminution extent, we counted the fragments in
each fracture, and calculated the average volume of larger
fragments (>1 cm”’) for each fracture.

Statistical analysis

Both descriptive and quantitative analyses of fracture maps
were employed. Comparisons of categorical-level data were
evaluated with Chi-square tests. Fisher’s exact test was used
when appropriate. Continuous data of the three patterns of
fractures were evaluated with one-way analysis of variance
(ANOVA) and Scheffe’s post-hoc tests. SPSS version 23.0
(IBM Corp., Armonk, NY, USA) was used. Significance was
set at P<0.05.

Results

Patient demographic and clinical characteristics were
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summarized in Table 1. A total of 187 fractures in 186
patients were included in this study. Overall, there were
more MFPFs in men for most age-decades (Figure 2), and
an unequal distribution of fracture patterns was found
among males and females (Table 1).

All three classic fracture patterns were observed in this
group of patients: (I) transverse, with comminution on one
side; (II) stellate/comminuted, non-displaced; and (III)
“displaced comminuted” (7able 1; Figure 3). The transverse,
stellate, and “displaced comminuted” patterns accounted
for 55.6%, 28.9%, and 15.5% of all 34C3 fractures,
respectively. The “displaced comminuted” pattern was more
common in male patients than in female (P<0.01) (7able 1).

Fracture maps

Overall distribution
The fracture lines of the 187 MFPFs occurred frequently
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Table 1 Demographic and clinical characteristics of study sample
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Patella fracture pattern

ic indi +
Demographic indicators Transverse’ Stellate’ ] fr:rzliifj:dT Totals P value
Patient age, mean (range) 53.5 [16-87] 56.2 [25-88] 46.2 [18-75] 53.18 [16-88] <0.01*
Included fractures 104 (55.6%) 54 (28.9%) 29 (15.5%) 187
Sex <0.01*
Male* 52 (50.0%) 32 (59.3%) 25 (86.2%) 109 (58.3%)
Female 52 (50.0%) 22 (40.7%) 4 (13.8%) 78 (41.7%)
Side of Injury* 0.026**
Left 63 (60.6%) 23 (42.6%) 11 (837.9%) 97 (51.9%)
Right 41 (39.4%) 31 (57.4%) 18 (62.1%) 90 (48.1%)

', data are presented as number (percentage), except for the patient age row as the mean (range). The percentages shown are based on
the total number of fractures for each fracture pattern (n=104, =54, or =29, respectively) or for the “Totals” category, on the total number
of subjects (N=187). ¥, one male subject had bilateral multi-fragmentary patella fractures, so both fractures contributed data. *, significant
differences evaluated by one-way analysis of variance (ANOVA), Scheffe’s post hoc test revealed significant difference between the

comminuted displaced pattern and the other two patterns. **, chi-square test for sex and side of injury between the three patterns.
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Figure 2 Frequency distribution of fractures grouped by patients’
age-decade and sex.

in the distal half of the anterior patella surface (Figure 4).
Posteriorly, the lines concentrated mainly in the lateral-
inferior quadrant and wrapped around the medial-inferior
quadrant along the border of the articular surface inferiorly.
In both the medial and lateral rims of the patella, the
fracture lines were distributed mainly in the lower two-
thirds. The lower half of the lateral rim was more likely to
be fractured than the medial rim. Notably, fracture lines
in the superior-medial corner were least common. The
comminution zones containing fragments <1 ¢cm’ mainly

concentrated in the lower half of the patella (Figure 5).
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Transverse pattern

There were 104 fractures displaying the transverse pattern
(1able 1). The vast majority (95/104, 91.3%) had fracture
lines and comminutions in the distal patella, while the
proximal third of the patella was rarely involved.

Stellate pattern

There were 54 fractures in this group. The fracture lines
on the anterior surface were radially distributed and tended
to concentrate just below the center part of the patella.
Comminution areas were distributed diffusely on both
anterior and posterior surfaces of the patella, with the
lateral-inferior corner having the highest frequency.

“Displaced comminuted” pattern

There were 29 fractures of this pattern, and fracture lines
were highly scattered on both anterior and posterior
surfaces of the patella, and fracture lines concentrated on
the lateral-inferior corner. The distribution of comminution
zones was similar to that of the stellate pattern.

Coronal fractures

We observed a high incidence of coronal fractures, with
81.2% of patients having coronal fragments. The incidence
in each pattern was shown in 7able 2. Coronal fragments
were present in 100% of the “displaced comminuted”
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Transverse (with comminution) Stellate Displaced comminuted

Figure 3 Examples of the three possible classical fracture patterns of the multi-fragmentary patella fractures. Examples were reconstructed
in three dimensions before reduction. The transverse pattern mostly had comminutions at the distal part of the patella (A), rarely at
the proximal part (B). The comminutions of stellate fracture lines can be radially organized around the central patella (C) or have an
irregular pattern with minor displacement (D). The “displaced comminuted” fracture pattern is characterized by severe comminution and

displacement, but without a relatively complete side like the transverse pattern (E,F).

Anterior Posterior Lateral
56 42 28 14 0
- 1

In Total
23.417.511.75.84 0
I @
Transverse
Stellate
12,6 9.48 6.32 3.16 0
LI
Displaced
Comminuted

Figure 4 Spatial distribution of fracture lines of all multi-fragmentary patella fractures in this study. All fracture lines (top row) were overlaid
onto a standard 3D patella model, with spatial density indicated in 3D heat maps for each pattern (top to bottom) shown in frontal and A-P
views (left to right). Colored scale represents the frequency, with red indicating the highest frequency and dark blue the lowest frequency. A, P,

L, and M stand for anterior, posterior, lateral, and medial side, respectively.
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Figure 5 Spatial concentration of the comminuted fragments. Comminution zones containing fragments <1 cm’ mainly concentrated in the
lower half of patella. Overall 3D maps of small comminution zones (1st row) and maps of each pattern (top to bottom). Maps in first row
are shown on 3D models for referencing anatomical landmarks. Images in second through fourth rows are presented without 3D model to
eliminate obfuscation of zones caused by light reflection in 3D rendering. The gradient grayscale represents frequency, with the darkest gray
representing the most frequent. A, P, L, and M key indicators same as in Figure 4.
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Table 2 Coronal-plane fracture frequency
Coronal fragments Patella fracture pattern
indicators Totals P value

Transverse Stellate Displaced comminuted

Fractures with coronal 83/104 (79.8%) 40/54 (74.1%) 29/29 (100%) 151/187 (81.2%) 0.013*
fragment(s)"
Anterior surface? 68 (65.4%) 30 (55.6%) 27 (93.1%) 120/151 (79.5%) <0.01*
Posterior surface 42 (40.4%) 24 (44.4%) 23 (79.3%) 89/151 (58.9%) <0.01*
Both? 27 (26.0%) 13 (24.1%) 21 (72.4%) 61/151 (40.4%) <0.01*

', data are presented as count/total numbers (percentage); *, the percentages shown are based on the total number of fractures for each

fracture category; *, significant differences detected by Chi-square test.

pattern, and in 72.4% of this pattern, both anterior and
posterior areas were involved. Figure 6 illustrated the spatial
distribution of these fragments.

Opverall, anterior coronal fragments concentrated mainly
in the distal half of the patella, which was also observed
in the transverse and stellate patterns. In the “displaced
comminuted” pattern, anterior coronal fragments were
diffusely distributed, while posterior fragments concentrated
in the articular surface, particularly in the central area.

Comminution analysis

Opverall, MFPFs had 7.3 fragments on average (Zable 3). The
“displaced comminuted” pattern was the most comminuted,
with an average of 11.3 fragments, and was significantly
more than the other patterns (P<0.01). 89.3% of cases had
fragments <1 cm’, the “displaced comminuted” pattern had
an average of 5.4 small fragments (<1 cm’) and 5.6 large
fragments (>1 cm’), and post-hoc tests showed that all three
patterns are significantly different when compared pairwise
(P<0.01).

The bony volume of the patella was comparable among
all patterns (P=0.277). The average volume of larger
fragments (>1 cm’) was greatest in the transverse pattern,
and this volume was significantly larger compared to that of
the other two patterns (P<0.01).

Discussion

The 3D fracture mapping technique was adopted in a
large series of MFPFs in order to delineate and quantify
the features of AO/OTA 34C3 fractures. On the basis
of a previous study investigating 83 type C patella
fractures (17), we focused on the most challenging patella

© Annals of Translational Medicine. All rights reserved.

fractures—187 type C3. This study combined qualitative
maps and quantitative evaluation of coronal fragments
and comminution to offer comprehensive morphological
demonstration of MFPFs. The findings in this study will
not only improve understanding of C3 type patella fractures
during the formulation of surgical strategy, but also can
potentially be used as reference for biomechanical studies
and development of new fixation tools.

High prevalence of coronal fragments shown in the 3D
fracture maps facilitates us to consider the current fixation
strategy. In this series, 81.2% had coronal fragments
and 58.9% occurred on the posterior articular surface.
Conventional fixation methods (e.g., tension band wires,
screws) probably could not stabilize these fragments
reliably (Figure 7), as pointed out by Lazaro et al. (15).
From a morphological point of view, the anterior plate
osteosynthesis offering anteroposterior screw fixation may
have advantages in the treatment of these fragments. The
location and frequency of the coronal fragments described
in this study could provide reference for the configuration
of such plate-screw constructs.

Distribution of large fragments (>1 c¢cm’) and
comminution zone (<1 cm’) may also provide useful
information for plate design and fixation strategy. The
supero-medial corner of the patella was least involved, so
it can be potentially used as the cornerstone for fracture
fixation. The comminution zone containing fragments
<1 cm’ mainly concentrated in the lower half of the patella,
which connects with the patellar tendon. It was reported
that anterior plating established a “cage” construct allowing
screw purchase in an orthogonal fashion to rigorously
capture the comminuted inferior pole and the relatively
large fragments in the supero-medial corner (18). A recent
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Figure 6 Spatial concentration of coronal fractures. 3D maps of coronal fragments in anterior and posterior views. Six small colored 3D
models show the anterior and posterior views of reconstructed fragments from three representative patients with coronal fractures. A, P, L,

and M key indicators same as in Figures 4,5, and the same grayscale frequency key. Asterisks indicate coronal fragments.
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Table 3 Quantitative comminution characteristics
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Patella fracture pattern

Comminution indicators X . Displaced Overall means’ P value
Transverse Stellate comminuted”
Mean No. of fragments 6.8+1.8 6.3+1.8 11.3+3.6™ 7.3+2.8 <0.01*
No. of fractures with small fragments (<1 cm®)? 95/104 (91.3%)  45/54 (83.3%) 27/29 (93.1%) 167/187 (89.3%) 0.234%
Count of fragments <1 cm* 3.2+2.0 1.9+1.6 5.4+2.6 3.2+2.3 <0.01*
Count of fragments =1 cm* 3.6+1.3 4.4+1.2 5.6+1.9 4.2+15 <0.01*
Patellar bony volume (cm®) 20.7+4.6 20.6+4.9 22.1+3.8 20.9+4.6 0.277
Average volume of larger fragments =1 cm®(cm?®) 5.9+2.5" 4.7+1.5 4.0+1.4 5.3+2.2 <0.01*

T data are given as mean =+ standard deviation, unless otherwise noted. * data are presented as number/total fracture number of each
pattern (percentage), the percentages shown are based on the total number of fractures for each fracture category (n=104, =54, or =29,
respectively), or the total number of subjects (N=187). Statistics of the number or volume of small comminuted fragments does not include
fractures without fragments <1 cm®. *, significant differences detected by one-way ANOVA test or Chi-square test between the three
patterns. **, Scheffe’s post hoc test found significant differences between this pattern and the other two patterns. *, significant difference
detected between any selected two patterns by Scheffe’s post hoc test. **, Chi-square test result.

biomechanical study found that anterior mesh plating
with biplanar screw fixation was superior to antero-lateral
plating and tension band wiring in fixation of comminuted
patella fractures characterized by 2 superior fragments and
4 inferior fragments in each cadaveric model (18). Sutures
and circumferential cerclage wiring through holes in the
anterior plates may be adopted to enhance the fixation to
firmly reconstruct the extensor mechanism. While there
were studies reporting the use of basket plates and vertical
wiring to fix the comminuted inferior pole fractures (19,20),
their success relied on the prerequisite that few articular
fragments were involved in patella fractures. Thus, they may
not be suitable for treatment of C3 type patella fractures.
Distinct morphology of the three fracture patterns
demonstrated in this study may have different
biomechanical implications. Previous biomechanical studies
have examined the strength of internal fixators mainly
based on the model of type CI1 transverse patellar fractures
(21,22). The results could not be extrapolated directly
into MFPFs. Recently, a 6-part patella fracture model was
artificially created to mimic the presence of the coronal
fragments and comminution in the lower part of patella
fractures (18). As for the stellate pattern fractures, fracture
lines on the anterior surface were radially distributed.
Wagner et al. created such fractures in their biomechanical
study and found that anterior plating provided significantly
better primary stability in comparison with modified tension

© Annals of Translational Medicine. All rights reserved.

band wiring with cannulated screws (23). Among the 3
patterns, the “displaced comminuted” fracture pattern was
the most comminuted involving every corner of the patella.
Circumferential cerclage wiring may be helpful before
the application of an anterior locking plate able to capture
maximal fragments in multi-planar fixation fashion.

This study has some limitations. Firstly, unlike mapping
of simple fractures, main fracture lines were not explored
in this study due to the nature of MFPFs. Secondly, since
the morphologic evaluation of patella fractures was based
on CT data, the fracture maps may not represent those
fractures without CT images. Finally, functional outcomes
and treatment complications were not included in the
analysis of these challenging fractures, thus correlation

between fracture patterns and clinical prognosis could not
be established.

Conclusions

In conclusion, this study elucidated the morphology of
MFPFs (AO/OTA 34C3) based on a large series of patella
fractures in 3D maps. Overall, fracture lines, comminution
zones, and coronal fragments mainly concentrated in the
lower half of the patella. Supero-medial corner was least
involved, and thus may be used as reference for fracture
reduction and fixation. Coronal fragments were frequent
on both anterior and posterior patella surfaces, justifying
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anterior plate osteosynthesis characterized by multi-
planar fixation. These fracture maps could also be useful in
biomechanical studies and development of new implants.
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