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Abstract

Patella fractures, although uncommon in the context of
corresponding long bone fractures, carry a dispropor-
tionately high degree of morbidity, and are often chal-
lenging to treat. As such, this study sought to evaluate
the efficacy of a Krackow suture augment when com-
pared to standard tension band fixation and cerclage
suture augment in patella fracture repair. Cadaveric
patella extensor mechanisms were used for biome-
chanical testing. Specimens were divided among 3
groups, each with a different repair technique: modi-
fied anterior tension band (MATB), MATB plus cerclage
suture, and MATB plus Krackow suture. Specimens
were biomechanically tested in both cyclic and max-
imum load settings. Mean displacement and load-to-
failure forces were measured for cyclic and maximum
load testing, respectively. Data was then analyzed

with both one-way analysis of variance and indepen-
dent t-testing. Both augmentation techniques showed

Take-Home Points

m Suture augmentation improves construct strength for patella

fixation.

m Krackow sutures may be placed in the quadriceps and patella
tendons, then secured over the anterior patella (much like an

anterior tension band).

m The Krackow technique described was superior to the suture
cerclage technique based on mean load values, but did not

reach statistical significance.

m The Krackow suture technique is a viable and easily applied

improved strength in both cyclic and maximum load
testing, with the Krackow suture augment showing the
greatest strength. In cyclic testing, cerclage augment
showed a 30% decrease in mean displacement while
Krackow suture augment showed a 40% decrease
when compared to the MATB repair group. Likewise,
in maximum load testing, cerclage repair showed a 5%
increase and Krackow a 14% increase in load-to-failure
force when compared to MATB. Likely due to small
sample size, the increases in repair strength did not
reach statistical significance. This study provides sup-
port for the use of a Krackow suture augment in patella
fracture repair, and we suggest this technique may be
most useful in the setting of poor bone quality where
conventional repair techniques are limited. Although
failing to reach statistical significance, these results are
encouraging and warrant further investigation in both
biomechanical and clinical settings.

accounting for only 1% of skeletal injuries.

Restoration of the function of the patella and
the extensor mechanism is vital for knee extension
and gait. However, patella fractures have an inher-
ently high rate of complications, making these in-
juries challenging to treat.>* In patients with intact
extensor function, displacement of <4 mm, and
articular step-off of <3 mm, nonoperative manage-
ment is extremely effective, with 99% of patients
reporting favorable results.5 However, for fractures

P atella fractures are relatively uncommon,

technigue for suture augmentation of patella fixation constructs. in which the extensor mechanism is disrupted,

surgical intervention typically is indicated.®
Authors have reported various surgical inter
ventions, one of the most commonly used being
the anterior tension band (ATB) technique, first
described by the AO (Arbeitsgemeinschaft fur
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Osteosynthesefragen) group in the 1950s.” By
converting distractive anterior force during knee
flexion to compressive force at the fracture site,
the ATB technique provides a repair stronger than
the previously used cerclage repair.? Although
initially considered standard of care, the ATB
technique was soon found to be associated with
implant failure and subcutaneous irritation prompt-
ing implant removal.®

To address these issues, Berg' and Carpenter
and colleagues" evaluated an ATB technique that
used cannulated screws instead of Kirschner wires
(K-wires). This variation on the ATB technigue re-
duced the implant-related issues while maintaining
the mechanical advantage of the tension band. The
more rigid design also permitted earlier postop-
erative rehabilitation, which significantly reduced
development of arthrofibrosis.®”"° This modified
ATB (MATB) technique has since been investigated
for additional augments, mainly focusing on use of
different tension band materials, including polyes-
ter suture and braided composite suture.'*™

However, there is little research on augments
that incorporate the surrounding soft tissue,
specifically the quadriceps and patellar tendons.

In a recent retrospective clinical study, Oh and
colleagues™ found positive clinical results with

use of Krackow sutures, though 2 or 3 vertically
oriented stainless steel wires were used instead of
cannulated screws.

We conducted a study to determine the bio-
mechanical efficacy of using a cerclage suture
augment and a Krackow suture augment coupled
with and compared with conventional MATB repair.
If effective, this technique may represent another
strategy for increasing repair strength and thereby
improve postoperative outcomes.

Materials and Methods
Specimen Preparation
Fresh-frozen cadaver extensor mechanisms (quad-
riceps tendon, patella, surrounding retinaculum,
patellar tendon) were kept frozen at —4°C until
preparation. Fifteen specimens were selected.
Mean (SD) age at death was 68 (10) years (range,
51-85 years). One specimen was excluded for a
short patella tendon, which precluded adequate
attachment for testing. All specimens were free of
overt osseous pathology.

After specimens were thawed overnight, the
patellae were transversely osteotomized with
an osteotome at the junction of the middle and
distal thirds of the patella. Sharp dissection was
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Figure 1. Internal fixation repair techniques. (A) Modified anterior tension band (MATB),
n = 5. (B) MATB plus cerclage suture augment, n = 4. (C) MATB plus Krackow suture

augment, n = 5.

performed to carry the division through the medial
and lateral retinaculum at the same level. All 14
specimens were then repaired using the MATB
technique. First, the transverse fracture was
reduced with a reduction clamp. Then, two 4-mm
cannulated screws (DePuy Synthes) were insert-
ed parallel to each other and perpendicular to the
fracture. An 18-gauge stainless steel wire was
then passed through each screw, crossed ante-
riorly, and tightened to create a figure-of-8 ATB.
The specimens were then randomly divided into 3
groups—MATB; MATB with cerclage suture aug-
ment; MATB with Krackow suture augment—while
ensuring specimens from a single cadaver were
placed in different groups to avoid confounding
based on bone density differences.

A braided composite suture (No. 5 FiberWire;
Arthrex) was used for the cerclage augment on 4
specimens, and a Krackow augment was used for
5 specimens (Figures 1A-1C). The cerclage aug-
ment was placed by circumferentially passing the
suture at 8 points in the surrounding retinaculum.
For the Krackow augment, 4 locking passes were
made on both the medial and the lateral sides
of the quadriceps and patella tendon, yielding a
total of 4 free suture ends (Figure 2). Free ends
were then crossed anteriorly in a fashion similar
to that used for the 18-gauge wires and tied. Last,
overlying subcutaneous tissue and paratenon were
stripped from the quadriceps and patellar tendons
to maximize friction during clamping for testing.
After completion of all repairs, specimens were
biomechanically tested.
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Figure 2. Representative Krackow pattern of suture repair

in the quadriceps tendon. Four locking passes were made

on both the medial and lateral sides of the quadriceps and
patella tendon (not shown), yielding a total of 4 free suture
ends, which were then crossed anteriorly in fashion similar to
that used for the 18-gauge wires and tied.

Experimental Setup
Repaired specimens were secured with tissue
clamps at the quadriceps and patellar tendons on
an MTS Bionix 858 (MTS Systems) hydraulic arm.
Anatomical conditions were simulated by using a
bracket to connect a distal femur sawbone model
to the MTS machine and orienting the model on
the posterior surface of the patella to produce a
flexion angle of 45° (Figure 3), which maximizes
tensile forces."

Each patella was secured for cyclic testing.
Initially it was placed under 10 N of tension. Then
it underwent tensile loading from 10 N to 300 N at
50 N/s for 10 cycles. These parameters were based
on previous biomechanical patella studies.™®! Load
was measured with the MTS load cell and displace-
ment with the displacement transducer. Fracture
displacement associated with 300-N cyclic tension
was recorded. Displacement was calculated as the
difference between 10th cycle and 2nd cycle values,
which accounted for any degree of initial tissue
slippage. After cyclic testing, the patella was placed
back in 10 N of tensile loading and subjected to
maximum force loading to determine ultimate repair
strength. For maximum loading, the patella was
stretched progressively at 50 N/s until failure. Again,
load and displacement were measured with MTS.

Statistical Analysis

After testing, fracture displacement and maximum
load force data were compiled for analysis. One-
way analysis of variance with Bonferroni correction
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Figure 3. Representative experimental setup. Repaired spec-
imen is attached by clamps inferiorly to the MTS Bionix 858
(MTS Systems) load cell and superiorly to the MTS hydraulic
piston. A distal femur sawbone was bracketed to the load

cell and secured to provide a 45° hinge point on the posterior
surface of the patella.

was used to determine if there were significant
differences between groups. Significance level
was set at P < .05.

Results

For cyclic testing, mean total displacement was
measured over 10 cycles for each group. Again,
displacement was determined by taking the dif-
ference between 10th cycle and 2nd cycle values,
allowing for system stabilization. Mean (SD) dis-
placement was 3.57 (1.63) mm with MATB repair,
2.50 (0.80) mm with cerclage augment repair, and
2.17 (0.77) mm with Krackow augment repair
(Figure 4). Among all specimens, displacement
followed a hyperbolic arrangement, with the ma-
jority of total displacement occurring during initial
cycles and tapering off during later cycles

(Figure 5). Mean displacement was 30% lower
with cerclage repair (vs MATB repair) and 40%
lower with Krackow repair (vs MATB repair).
However, this trend was not statistically significant
(P> .05), owing to sample size and presence of an
outlier in all 3 groups.
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After cyclic loading, load-to-failure testing was
performed by applying increasing tension until
repair failure. None of our 14 specimens showed
significant failure after cyclic testing, so all were
subjected to load-to-failure testing. Mean (SD)
maximum tension force was found to be 753 (16)
N for MATB, 793 (177) N for cerclage, and 863
(104) N for Krackow (Figure 6). Similar to the cyclic
testing findings, maximum load strength was 5%
higher with cerclage repair (vs MATB repair) and
14% higher with Krackow repair (vs MATB repair).
Again, with the small sample size and the pres-
ence of outliers (and other variation among data),
the trend was not statistically significant (P > .05).
In addition, pairwise comparisons of the 3 groups
revealed no statistically significant differences.

Discussion
Our main objective was to compare the efficacy of
a novel suture augment technique with that of oth-
er patella fracture repair techniques. Our hypothe-
sis—that adding a Krackow suture augment would
increase strength in both cyclic and maximum
loading—was supported. Although testing results
were not statistically significant because of the
small sample size, we think this novel technique
has clinically relevant descriptive significance and
warrants further investigation.

Proper anatomical reduction and postoperative
stabilization are of utmost importance in clini-
cal approaches to patella fractures. In addition,
regardless of which technical procedure is used,
open reduction should also allow for early range of
motion to prevent joint arthrofibrosis. Ever since
the ATB technique was first described by the AO
group, postoperative outcomes have improved
significantly. In a retrospective study by Levack and
colleagues,” 30 of 64 patients with patella frac-
tures underwent internal fixation. Mean follow-up
was 6.2 years. By both objective and subjective
measures, the best functional outcomes were
associated with internal tension band fixation (vs
cerclage repair). Lotke and Ecker'® also document-
ed the efficacy of the tension band technique.
Sixteen patients with patella fractures underwent
anterior tension banding; those with a commi-
nuted fracture also underwent cerclage repair
for patella stabilization during tension banding. At
6-week follow-up, all patients had good range of
motion (>90° flexion), relatively few symptoms,
and no implant failures. Results were similar to
those of Levack and colleagues.”

Although it improves stability and functional
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Figure 4. Displacement (mean, standard error) after cyclic testing. Patella specimens
were pulled from 10 N to 300 N for 10 cycles at 50 N/s. Progressive decrease in mean
displacement (30% for cerclage, 40% for Krackow) occurred for suture augments, de-
spite lack of statistical significance.

Abbreviation: MATB, modified anterior tension band.
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Figure 5. Example data set during cyclic testing shows hyperbolic nature of data record-
ing. For all cyclic data, mean displacement was determined by taking the difference in
displacement of the 10th peak and 2nd peak to limit inherent device slippage.

outcomes over conventional patellectomy and
cerclage wiring, the ATB technique has been
associated with subcutaneous irritation caused by
the K-wires used to secure the band. Hung and
colleagues?® followed up 68 patients with patel-

lar fractures. Five of these patients underwent
tension banding. Although there was a high level
of adequate functional outcomes, implant irritation
was found to be "quite frequent.”
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Figure 6. Load-to-failure force measurement (mean, standard error). Patella specimens
were pulled at 50 N/s until complete hardware failure. Progressive increase in mean
loading force (5% for cerclage, 14% for Krackow) occurred for suture augments, despite
lack of statistical significance.

Abbreviation: MATB, modified anterior tension band.
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To address this issue, Carpenter and colleagues™
evaluated an ATB technigue that uses K-wires in-
stead of cannulated screws. Biomechanical testing
in a cadaver model revealed less fracture displace-
ment and overall more repair strength through cyclic
and maximum load testing. Clinically, these results
were supported by Berg,' who followed up 10 pa-
tients with transverse patella fractures repaired with
the MATB technique. At a mean follow-up of 24
months, 7 of the 10 patients had good to excellent
outcomes, and there were no implant failures.

Further investigation into patella repairs has
mainly focused on improving the MATB technique
and experimenting with different tension band
materials. Rabalais and colleagues™ biomechani-
cally tested high-strength polyethylene suture as
a replacement for standard 18-gauge wire, and
Bryant and colleagues™ tested a braided compos-
ite suture (FiberWire; Arthrex) as a replacement
for standard 18-gauge stainless steel wire. Both
found no significant difference with use of aug-
mented tension band material, but Rabalais and
colleagues™ did find more advantages with a par
allel tension band construct than with a standard
figure-of-8 arrangement.

In developing our novel technique, we consid-
ered that Krackow sutures are routinely used in
both quadriceps tendon repair and patellar tendon
repair, including partial patellectomy for distal patel-
la fracture. With a suture placed in both tendons,
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the augment could be expected to resist longitudi-
nal gapping and augment the tension band across
the anterior patella. First described by Krackow and
colleagues,™ the Krackow suture is widely used for
tendon reconstruction. In an interlocking system of
sutures, the Krackow suture provides a repair that
is more stable than repair with conventional suture
techniques, specifically in the context of tendon
repair.2’ Given the sesamoidal nature of the patella,
its repair shares the goal of gap prevention with
other tendon repairs. In theory, anchoring the sup-
porting structures that are above and below the
patella provides support for the intervening patella
and ultimately improves fracture fixation strength.

Oh and colleagues’ reported on the clinical
efficacy of a Krackow augment in distal pole patella
repairs. Similarly, we found a Krackow augment to
be efficacious, supporting its potential in clinical
approaches to patella repairs. Our results indicate
this augment can be a useful clinical adjunct in
biomechanical evaluation.

Limitations of this study include its use of

dissected extensor mechanisms, which may have
less biofidelity than whole-knee specimens. In our
model, specimens were secured at the patellar
tendon and the quadriceps tendons, as opposed
to the quadriceps tendon and the tibia distally.
Use of this model could have led to an increase in
early displacement during cyclic testing as a result
of tissue slippage. Furthermore, our small sample
size could have affected our ability to demonstrate
a difference between these techniques.

Given its increased strength as demonstrated by
mean displacement during cyclic loading and mean
load to failure, as well as the early clinical data
recently published, the Krackow suture augment
represents a feasible technique for patella fixa-
tion. It likely will be most useful in cases in which
conventional techniques are prone to failure or
cannot be applied, such as severe distal commi-
nution or poor bone density. Further biomechanical
testing with a larger number of specimens may be
required for statistical significance.

Conclusion

In patella fracture repair strategies, the Krackow
suture augment increased strength when used with a
MATB technique. Failure to reach statistical signif-
icance likely resulted from our small sample size.
Further biomechanical testing and clinical studies are
needed for more complete evaluation of this tech-
nigue. We think it will be most useful in the setting of
poor bone quality or severe comminution, which can
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limit fixation options. As increased repair strength
allows earlier postoperative rehabilitation and main-
tains fracture reduction, patient outcomes should
improve. This novel technigue represents another
strategy for managing challenging patella fractures.
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