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Does closer placement of cerclage wire enhance functional outcomes
in tension band wiring of patellar fractures?

Jla mu OmKe MoCTaBIbamhe CEPKIIaKHE XKHIIE M0O0IbIIaBa PYHKIIMOHAIHE Pe-

3yaTaTe (pUKCcalrje mpejaoMa rmarejie TCH3UOHOM KHUaHOM TPaKOM?

SUMMARY

Introduction/Objective Patellar fractures are commonly
treated with tension band wiring (TBW). The distance
between the cerclage wire and the superior pole of the
patella is crucial for surgical outcomes. This study eval-
uates the impact of this distance on clinical and func-
tional results.

Methods A retrospective cohort study of 64 patients with
transverse patellar fractures treated with TBW was con-
ducted. Patients were categorized based on the distance
of the cerclage wire from the bone: < 4 mm, 4-8.5 mm,
and >8.5 mm. Clinical outcomes included bone union,
implant failure, and wound complications. Functional
outcomes were assessed using range of motion (ROM)
and modified Hospital for Special Surgery (HSS) knee
scores.

Results Significant differences were observed in out-
comes depending on wire placement. Patients with cer-
clage wires < 4 mm from the bone exhibited poorer func-
tional results, with a mean modified HSS Knee Score of
70 £ 9.2 and an average ROM of 1036 * 42.4 degrees.
Patients with wires positioned 4-8.,5 mm from the bone
demonstrated better functional. recovery, achieving
higher knee scores and greater ROM. Statistical analysis
confirmed that closer wire placement negatively affected
clinical outcomes. (p < 0.05).

Conclusion This study suggests that positioning cerclage
wires too-close to the bone (< 4 mm) may impair func-
tional outcomes despite presumed mechanical stability.
An optimal distance,of 4-8.5 mm balances mechanical
stability and soft tissue protection, offering improved
clinical and functional results. These findings challenge
conventional surgical approaches, emphasizing the im-
portance of precise wire positioning in TBW procedures.
Keywords: patellar fractures; tension band wiring; cer-
clage wire; clinical outcomes; functional outcomes; sur-
gical techniques

INTRODUCTION

CAKETAK

Yeon/IlmmblIpenomu narene ce Hajuemhe dukcupajy
TEXHUKOM TeH3HOHe sxuuaHe Tpake (TBW). Pacrojame
n3Mel)y cepkiIakHe XKHILE U TOPEET T10JIa MaTese cMaTpa
ce IIpecyJHUM 3a XUpypiIku ucxol. Husms crynuje 6uo je
Ja TPOICHH YTHIA] OBOT pacTojara Ha KIMHUYKE W
(GyHKIMOHAIIHE pe3yTarTe.

Mertoae CripoBe/ieHa je peTpOCHEKTHBHA KOXOPTHA CTY-
Ija koja je oOyxBaTmiia 64 ©0JIeCHHKA C MONPEYHHM
npenoMoM natene jgedcHaum TBW-om. Bonecauiu cy mo-
JIeJbCHH y TPU TPYIIE TPEMa Y AaJbeHOCTH CEPKIIANHE JKH-
e ox Koctu: <4 mm, 4-8,5 mm u > 8,5 mm. Knunnuxu
HCXO/H Cy 00YXBaTIJIN CPACTame KOCTH, OTKA3 HMILIAH-
Ta ¥ KOMILTAKAIIHje paHe, 0K CY YHKINOHATHNA UCXOAN
ouewmuBaHu onceroM mokpera (ROM) u monudukosa-
muum Hospital for Special Surgery (HSS) omenama 3a xo-
JIEHO.

Pesysararn Vcxoau cy 3Ha4ajHO BapHpalid y 3aBHUCHO-
CTH 0/ 1I0JI0Kaja kuIle. bonecHUIM Ko Kojux je cepkiia-
KHa )HIa Onia mocTaBbeHa < 4 MM o1 KOCTH TOCTUTIIN
Cy cnabuje QyHKIMOHATIHE pe3yTare (Cpeama Moaudu-
kxoBaHa HSS onena 70 £ 9,2; mpoceuan ROM 103,6 +
42.,4). HajboJsbe onopaBak 3a0eJIekeH je KoJ 00JIeCHUKA
ca )HIIOM yajbeHoM 4-8,5 mm, koju cy OCTBapuIIi BH-
me oneHe kojgeHa u Behu ROM. Cratuctuuka aHanuza
MOTBPAMIA je Ja OJIKe NOCTaBJbabe KHLE HETaTHBHO
yTH4e Ha KMHU4Ke uexoxe (p < 0,05).

3aksbyuak [locTaBipame cepkiaKHe KHLE CyBHIIE OJIH-
3y KocTH (< 4 mm) Moxe a HapyIIH (pyHKIUOHAIIHE pe-
3yJITaTe yNpKOC OYEKHBAHO] MEXAHUYKO] CTAOMITHOCTH.
OnrtumainHo pacrojame ox 4-8,5 mm o6e30ehyje 6oy
paBHOTEXY M3Meljy MeXaHWYKe CTAOMITHOCTH M 3aIITHTE
MEKOT TKHBA, IITO TOBOJH 1O TTOOOJBIIAHUX KIIMHUIKUX
U pyHKIHoHaNHUX HcxoAa. OBY Hala3u AOBOAE Y IUTa-
B¢ KOHBEHIIMOHATHE XUPYPIIKE IPUCTYTIE M HaTlalaBa-
Jy 3Ha4aj MPEeU3HOT MO3UIUOHNpamwa xkuue y TBW mpo-
LeIypH.

Kiby4He peun: npesioMu narese; TCH3HOHA XKUYaHa Tpa-
Ka; CepKJIAKHA JKHUIA; KINHHIKH HCXOH; (pyHKIHOHAT-
HU UCXOJH; XUPYPILIKE TEXHUKE

Fractures of the patella pose a challenge to orthopedic trauma management because of the im-
portant role of the patella in the extensor mechanism of the knee. The treatment of patellar
transverse fractures has traditionally been done with tension band wiring (TBW) for restoration

of the articular surface and early mobilization [1, 2]. However, it is also noted that there are
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methodologically more updated approaches and meta-analysis findings which should be incor-
porated to have a better perspective on TBW outcomes and biomechanics. [3, 4]. The configu-
ration of cerclage wire in TBW, especially its distance from the bone, is important in deciding
the biomechanical stability of the fixation and therefore clinical results. Early mobilization and

a good biomechanical fixation will improve the pain and the quality of life [5].

Among the biomechanical properties, stability given by cerclage wire is an important area of
concern for TBW that can influence both bone union rates and the incidence of postoperative
complications [6, 7]. The proximity of the cerclage wire to the bone has specific.implications
on the biomechanics of the fixation [3]. For instance, Zhang et al. demonstrated that TBW with
cerclage wire positioned near the bone surface significantly reduces micromotion at the fracture
site, facilitating bone healing [8, 9]. Conversely, an increased distance between the cerclage
wire and the bone may lead to suboptimal compression and stability, raisingthe risk of implant
failure and delayed union [10]. This observation underscores the need for exquisite surgical

practice and indicates that further specific endeavors in informing these effects are needed [3].

Further, poor positioning of the wire has been associated with increased postoperative compli-
cations, including migration of the wire and soft-tissue irritation [11]. Though these problems
have been described in prior research, more elaborate investigation and comparison with exist-
ing literature would be helpful for the purpose of further understanding of the optimal position-

ing and its effects [3].

There is a gap in the literature regarding the proximity of the cerclage wire to the bone, and the
safe distance in patellar fractures treated with tension band wiring remains underexplored.
Therefore, the aim of ‘our study was to calculate the effect of the distance of the cerclage wire
to the bone on clinical and functional outcomes and determine the safe distance in patients with
transverse patellar fractures treated with TBW. This will reduce the margin of error in surgical
technique and provide a touchstone for the clinician regarding the distance of the cerclage wire

during surgery.

METHODS
Study design and population

This is a retrospective cohort study of a total of 108 patients between the ages of 18 and 65
years, suffering from C1 and C2 transverse patellar fractures, classified according to AO clas-

sification, who had undergone TBW with two Kirschner wires. The patients were treated
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between January 2015 and December 2022 at a single tertiary care center. The exclusion criteria
were multiple trauma patients, multiple fractures of the same limb, systemic, metabolic, and
infectious diseases, application of cerclage to tension band wiring, use of cannulated screw and
periprosthetic and pre-existing pathological conditions of the knee. Such criteria are aimed at
providing homogeneous groups of patients, thus excluding factors that could enfluence results.
All participants provided written informed consent prior to inclusion in the study. The study
protocol was approved by the Institutional Ethics Committee of Harran University (Approval
No: HRU-24/11/35) and conducted in accordance with the ethical standards of the 1964 Dec-

laration of Helsinki and its later amendments or comparable ethical principles.

Surgical technique

All surgeries were performed under general anesthesia./A-standard, midline knee incision with
medial parapatellar arthrotomy was made to gain.access to the site of fracture. The skin incision
was deepened, and the fractures were reduced using reduction clamps and confirmed under
fluoroscopy. From the superior pole of the patella, two K-wires were introduced distally. Cer-
clage wire was passed around these K-wires and then tightened for compression of the fracture
fragments. The tips of the-proximal end were cut, and the K-wires were then bent and fixed.
The surgical experience along with the frequency of performing this technique were recorded,;
whether these/influences upon surgical outcomes should be noted. The knee was immobilized
using an immobilizer for two weeks postoperatively to facilitate initial healing.

Postoperative care and follow-up

Patients began static isometric quadriceps strengthening exercises on the first postoperative
day. Two weeks later, the range of motion (ROM) exercises started under the physiotherapist.
The follow-up period included evaluations at 1, 3-, 6-, 12-, and 24-months post-operation. Clin-
ical assessments included wound healing, level of pain, and functional recovery. Radiographic
evaluations were performed at each visit to assess both the union condition of the fracture and

the integrity of fixation.
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Data collection

The main outcome measurements were the distance of the wire from the bone, measured di-
rectly from the lateral post-operative radiograph (Figure 1). For taking distance measurements,
a consistent system was used to ensure that they are exact. To ascertain the measurements va-
lidity, tests for inter-observer and intra-observer reliability were done. The following outcomes
were evaluated: clinical outcome and functional outcome, incidence of wound complications,
union rates, and clinical follow-up. The patients' medical records and radiographs were-criti-
cally reviewed to provide a logical explanation for the findings. Added to this, the range of
motion (ROM) and functional outcomes were assessed at the last follow-up using the Modified
Hospital for Special Surgery (HSS) Knee scores [12]. The properties and-application techniques
of the cerclage wires used were detailed, including material composition and tensioning

method.

Statistical analysis

Data were analyzed using SPSS version 28.0. Descriptive statistics were summarized to provide
information related to participant demographics and clinical characteristics. Frequencies,
means, and standard deyviations were computed for age, distance between the cerclage wire and
bone, values of knee ROM, and Modified HSS Knee scores. Data were tested for normality
using the Shapiro-Wilk test. For normally distributed data, Student's t-test was used, while
Mann-Whitney U tests'were employed for non-normally distributed data. Additionally, ROC
curve analysis was applied to determine the threshold value of the distance of the cerclage wire
that best predicts the patient's outcome. Identifying a specific point that maximizes the sensi-
tivity and specificity of the cerclage wire distance as a measure of prediction for clinical and
functional outcomes is essential. Chi-square tests were used to compare categorical data regard-
ing the presence or absence of wound complications and implant failures, with statistical sig-

nificance set at a p-value of 0.05.

RESULTS

This study is a retrospective cohort of 64 patients who had undergone tension-band wiring for
transverse fractures of the patella. The following means and ranges were derived from the de-

mographic profile: mean age (years) = 44.8 £ 17.1 (18-65 years) and mean follow-up period =
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15.2 + 5.4 months (Range = 9-24 months). The gender distribution comprised 35 male patients
(54.7%) and 29 female patients (45.3%) (Table 1).

The mean distance between the cerclage wire and the superior pole of the patella was 6.3 £ 4.03
mm. The value of the distance had a wide range from 1 mm to 20.4 mm. Clinical outcomes
showed nonunion in 2 cases (3.1%) wherein partial patelectomy was done. Site complications
occurred in 3 cases (4.7%) of wound sites, and implant failures were noted in ten cases (15.6%)
(Table 1).

We observed K-wire migration in one patient (1.6%). The cerclage wire displaced over the K-

wire was seen in seven patients (10.9%). Also, wire breakage was seen in two patients (3.1%).

To assess clinical and functional outcomes prediction by cerclage -wire distance,ROC curve
analysis was employed. The area under the curve (AUC) value of 0.91 suggests that it is highly
predictive of patient’s prognosis. This study also showed that distance has high sensitivity and
specificity for predicting implant failure (Fig. 2).

Mean Modified HSS Knee Scores for different cerclage wire distance categories were plotted
to visualize the effect of wire distance on functional outcomes (Figure 3). The highest mean

score was observed in the 4-8:5 mm category, indicating better functional outcomes.

The effects of the distance between the bone and the cerclage wire on knee range of motion
(ROM) were investigated. The knee ROM is illustrated in Figure 3 for different distances of
the cerclage wire. The data show that there is a relationship between knee ROM and the distance
from the cerclage wireto the bone. Patients who have less than 4 mm difference had an average
knee ROM of 108.6 degrees. Averagely, patients at a distance ranging from 4-8.5 mm exhibited
the highest average knee ROM with a mean value being equal to 126.6 degrees, however; for
those patients who were located more than 8.5 mm away, their average knee ROM was only
measured as 80.6 degrees. These results are indicative that there is significant influence of cer-
clage wire’s distance from the bone on its ability to aid in determining range of motion for
knees. While putting it closer to bone (< 4mm) or keeping it around middle region (4-8.5 mm)
will increase flexibility at this joint [11], furthering it away beyond 8.5mm decreases movement
in this direction. These findings are essential in finding out what would be considered as an

ideal cerclage wire to bone gap.

Patients with a distance between the cerclage and the superior pole of the patella less than 8.5
were divided into two groups: group 1 and group 2. Age against union rates, implant failures,

and wound site problems were analyzed, showing there was no significant relationship to
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patient outcome. Among patients who did experience nonunion, 2 of them (100% from the total
of nonunion cases, 3.1% from the total of cases) also suffered from implant failures. Of the
three patients with wound complications, two of them (66.7%) suffered implant failures (3.1%
of cases) (Table 2).

The mean arc of motion for the knees was 103.6 £ 22.4°, ranging from 60° to 150°. The arc of
motion was significantly different in the patients with cerclage wire distance less than 8.5 mm
when compared in two groups (P = 0.001) (Figure 3). The mean Modified HSS Knee Score was
71.7 £ 9.2, and individual scores ranged from 45 to 100. The Modified HSS Knee Scare was
significantly reduced in the distance cerclage wire > 8.5 mm (P = 0.001) (Sekil 2). Subgroup
analysis further within group 1, including patients whose cerclage wire distances were above 4
mm but less than 8.5 mm, showed that the former subgroup of patients had significantly lower
clinical scores and ROM when compared to the latter subgroup-at 4 mm and below (p = 0.03;
0.04 respectively) (Table 3).

DISCUSSION

Our study aimed to see the outcome in relation to the distance which separates the cerclage wire
from the bone with respect to clinical and functional outcome in patients being treated for pa-
tellar fracture by using tension band wiring (TBW). With wires in cerclage, we assumed that if
nearer to the bone, a better functional outcome would be produced, rather than farther away
from the bone, in the usual assumption of the orthopedic surgical practice that assumes closer
proximity gives better functional outcomes because it increases the mechanical stability of the

bone, hence it would provide a better result.

In our results, the complications and clinical results we observed regarding the use of cerclage
wires are parallel to similar studies in the literature. In the study conducted by Zhai et al. it was
reported that all patella fractures treated with percutaneous cerclage wire in geriatric patients
healed and there were no serious complications such as infection or wire migration. In this
study, one case of wire breakage was reported after six months [13]. Yan et al. In another study
conducted by et al., combined patella fractures were treated with a separate vertical wire method
supported by a cerclage wire. According to the study results, no complications such as loss of
reduction, implant breakage, nonunion or skin irritation were observed during an average fol-
low-up period of 18.9 months [14]. Li et al. In this study, patellar fractures treated with modified
cerclage wire in elderly patients were evaluated. During a mean follow-up period of 22.2
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months, fracture healing was achieved in all patients and no significant postoperative compli-
cations were reported [15]. Monaco et al. In the study conducted by et al., patellar fractures
treated using suture tape and metallic cerclage wire were compared. The study reported no sig-
nificant differences in reoperation rates, fracture healing rates, and functional outcomes be-

tween the two methods [16].

Our findings demonstrate that cerclage wire has been used as an efficacious technique in patel-
lar fractures management and despite the presence of complications in some instances; it'gen-
erally gives good clinical results. These research, reviewed here, support the efficacy and secu-

rity of cerclage wire in treating patella factures.

Our findings reveal the influence of the distance between cerclage wire and bone on knee range
of motion (ROM) and functional outcomes. Modified HSS Knee Scores per average for differ-
ent distance categories were plotted, where in the 4-8.5 mm distance,category there was a high
average score. This is indicative of better functional outcomes. Therefore, we evaluated the
effects of different distances between Cerclage wire to bone on knee ROM as well as if these
are related. According to Yan et al., when using separate vertical wire method assisted by a
cerclage wire, which is situated-at an optimal length from the bone, it has been reported that
these patients demonstrate 131.3° average knee ROM [14]. Kumar and Kumar found that pa-
tients’ knees ranged in angle from those with anterior cerclage wire insertion to reach up to
125.4 degrees {17]. Ninety-two percent of the patients involved in Kachare et al.’s study had
attained.active flexion of 90 degrees after one week following cerclage wiring together with
figure-of-eight tension band technique [18]. It clearly showed better functional results with cor-

rect placement of cerclage wires at an appropriate distance from each other [18].

Our results demonstrate the effect of the distance between cerclage wire and bone on knee range
of motion (ROM), and functional results. Average Modified HSS Knee Scores for different
distances from cerclage wires were plotted and the 4-8.5 mm group had the highest average
score. It shows better functional results. Zhai et al., reported that percutaneous cerclage wire
was an effective treatment in elderly patients with fractured patella, where all fractures healed
successfully [13]. Mahajan et al., indicated that stable fixation was achieved with low non-
union rates when Cerclage wire was used in combination [19]. Meng et al., found that there
were satisfactory clinical outcomes and low complication rates in a study by et al. using modi-
fied cerclage wire [20]. Raja et al.’s study demonstrated clinical improvement as well as re-
duced complications with cerclage wire application [21]. These findings suggest that correct

use of cerclage wire improves knee range of motion and functional outcomes.
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The study found that clinical outcomes and knee range of motion were better in patients with a
cerclage wire distance less than 8.5 mm. Modified tension band wire for cerclage was recorded
to cause reduced postoperative complications by Yu et al [22]. Harna and colleagues published
their findings related to non-union patellar fractures managed surgically which demonstrated
the same range of motion [23]. This is supported by Kachare et al’s earlier study indicating that
low complication rates and rapid recovery are provided through cerclage or figure-eight con-
figuration [18]. This therefore substantiates the claim that accurate placement of the cerclage
wire distance can aid in improving clinical outcomes. Consequently, according to Xiang et al.,
those treated with absorbable cannulated screws and high-strength sutures experienced lesser
displacement as well as improved clinical results [7]. Such findings have shown that positioning
is crucial for cerclage wire distance in managing patella fractures which if done accurately can

improve overall treatment success.

The study, however, has some limitations: the wide age range in the sample of participants, 18-
65 years, may introduce variability in bone quality and healing capacity that might influence
the outcomes independent of the surgical'technique used. It is further out of our control that the
study is retrospective, so limiting us in controlling all the probable confounders that would

affect the results.

Another limitation of this.study includes the fractures, which are divided into types according
to the AO classification and.therefore could, in a way, falsify the results obtained by this form
for. more'complex or different types of patellar fractures [24]. Some patients further had a full
period of immabilization up to four weeks, especially those who ended up having implant fail-
ure. This theoretically could then affect the knee range of motion and functional recovery of

the knee, confounding the effects attributed to cerclage wire distance.

In order not to fall into these limits and better validate our results, these could be prospective
studies with a stronger design and the age within a less wide interval. Further histological anal-
yses in future studies may, however, unveil further mechanisms that underlie our observations
when studying the biological impact of cerclage wire proximity to surrounding soft tissues. In
general, our study puts into perspective one of the rather understudied aspects of patellar frac-
ture treatment. In so doing, we fill this gap and therefore add, in an aggregate manner, to more-
refined knowledge of TBW techniques that will help in developing better surgical outcomes

and more-refined protocols for the treatment of patella fractures.
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CONCLUSION

This study assessed the effect of cerclage wire proximity to the bone in tension band wiring for
patellar fractures. Contrary to common traditional belief, it was found that wires placed very
close to the bone (4 mm and below) resulted in poorer outcomes. This has important implica-
tions for wire placement: Mechanical stability must be weighed against tissue integrity, specif-
ically avoiding adverse effects on the quadriceps muscle. These findings challenge existing
surgical dogma and suggest that further research is needed to refine surgical guidelines that
balance both biomechanical and biological considerations for the ultimate benefit. of ‘patient

outcomes.
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Figure 1. X-ray image of knee with cerclage wire and K-wire fixation
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Table 1. Demographic data

Variable Value
Age, years 44.8 £17.1 (18-65)
Sex Men 35
Women 29

Follow-up, months

152 £5.4 (9-24)

Cerclage wire — patella superior pole distance, mm

6.3 +4.03 (1-20.4)

Implant failure 10
Cerclage wire breakage 2
Cerclage wire displaced over K-wire 7
K-wire migration 1

Nonunion 2

Wound complications 3
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Table 2. Parameter measurements

Variables Group 1 (> 8.5 mm) | Group 2 (< 8.5 mm) p
Knee ROM 126.6 = 17.3° 80.6 £ 27.5° > 0.001
Modified HSS Knee Score 823+44 612+ 14 > 0.001

ROM — Range of motion; HSS — Hospital for Special Surgery
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Table 3. Subgroup analysis

. Group 1 (> 8.5 mm)
Variables >4 mm 4-8.5 mm P
Knee ROM 120.4 + 24.6° 132.9 +£10.1° 0.04
Modified HSS Knee Score 742+5.3 90.4+3.5 0.03

ROM - range of motion; HSS — Hospital for Special Surgery
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