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Abstract

Introduction: Displaced fractures of patella are common: They require adequate internal fixation to achieve maximum
interfragmentary compression and early mobilization. The purpose of this paper was to evaluate and compare the outcomes
of vertically oriented figure of 8 tension band wiring (TBW) versus horizontally oriented figure of 8 TBW.

Materials and Methods: A longitudinal study was performed on 20 patients with displaced transverse patella fractures who
were operated at the Department of Orthopaedics, IPGME and R and SSKM Hospital, Kolkata, India, between 2018 and 2019.
The patients were randomly allocated into two groups, one operated by vertically oriented figure of 8 TBW while the other group
by horizontally oriented TBW.

Results and Analysis: Results were evaluated in terms of post-operative pain, fracture union rates, knee range of motion
(ROM), Oxford Knee Score (OKS), and complications such as implant loosening and infection. Both groups were comparable
in terms of age and gender. Time taken for fracture union was equal in both groups, with no significant difference between post-
operative pain and complications. The knee arc of motion at 1 month and OKS at 2 months were better in the horizontal group
(P =0.036443 and 0.044735, respectively). But overall, the difference in arc of motion and OKSs between the two groups was
statistically not significant (P = 0.809391 and 0.805302, respectively).

Conclusion: Horizontally oriented figure of 8 TBW produces better ROM and knee scores at 1 and 2 months, but its overall
outcomes are comparable to the more popular and widely performed vertically oriented figure of 8 TBW.

Key words: Horizontal figure of 8, Horizontal tension band wiring, Horizontally oriented tension band wiring, Modified
tension band wiring, Patella fracture, Patella tension band wiring, Tension band wiring

INTRODUCTION displacement, minimal articular incongruity, and an intact

extensor retinaculum can be successfully treated non-
Patella fracture is a fracture consisting 1% of all  operatively.” However, 30% of patella fractures require
extremity fractures, and among them, transverse type  surgical intervention.’! The purpose of operative treatment
is the most common." Closed fractures with minimal for patellar fracture is to restore anatomical reduction of
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fixing the fracture with good patient compliance and
advantage of early mobilization of the joint. However, the
technique has some disadvantages as second procedure
is required for removal of the metallic implant and risk
of Kirschner wire (K-wire) sliding and causing skin
problems.”

The most common type of fixation method used for
transverse patella fracture is modified TBW using two
K-wires across the fracture site with a figure of eight
pattern cerclage wiring [Figure 1].F)

In a reported case series, 22% of fractures treated with
TBW had a displacement of 2 or >2 mm within the early
post-operative period.” It would be understandable to most
surgeons that, to reduce the risk of displacement or failure,
a construct that produces the greatest interfragmentary

compression and has the maximum stiffness to resist cyclic
loads should be used.”!

In vertically oriented figure of 8 TBW; only a component
of the secondary force vector acts vertically to produce
compression at the fracture site [Figure 1], whereas in
horizontally oriented figure of 8 TBW, both primary
and secondary force vectors act vertically to produce
compression [Figure 2]. Thus, in theory, a horizontal
construct with four strands of SS wire crossing the fracture
(as opposed to two) should provide better interfragmentary
compression at the fracture site.

In a biomechanical study published in 2016 by Ali ez a/,
it was found that placement of the figure of eight in a
horizontal orientation with two wire twists at the corner
improved interfragmentary compression by 63% [Figure 2].
Permanent fracture displacement was 67% lower with
horizontal figure of eight constructs (P < 0.05; ~test).”

It shall be the aim of this study to compare the result
and functional outcomes of horizontally oriented figure
of 8 TBW versus vertically oriented figure of 8 TBW in
transverse fracture of patella.

Aims and Objectives

The aim was to compare the results of vertically oriented
figure of 8 TBW versus horizontally oriented figure of 8
TBW for displaced transverse fracture of patella in adults.

The objective was to analyze the results in terms of fracture
union rates, pain relief, knee ROM, Oxford Knee Score
(OKS), and complications such as implant loosening and
infection.

Null hypothesis
There is no statistically significant difference in the
outcomes obtained by vertically oriented figure of 8 TBW
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and horizontally oriented figure of 8 TBW in displaced
transverse fracture of patella in adults.

MATERIALS AND METHODS

This is a prospective, longitudinal study conducted at
the Department Orthopaedics, IPGME&R and SSKM
Hospital, Kolkata, India, between 2018 and 2020 on
20 patients with displaced transverse fractures of patella.
Patients were randomly allocated into two groups,
“Vertical” group consisting of 10 patients who were
operated by vertically oriented figure of 8 TBW and the
“Horizontal” group, who were operated by horizontally
oriented figure of 8 TBW. The inclusion criteria were
adult patients (age 1875 years) who suffered displaced
transverse fracture of patella, <3 weeks old duration,
and those who consented for participation in the study.
Exclusion criteria were undisplaced fracture, comminuted
fracture, fractures more than 3 weeks old, patients with
serious comorbidities barring surgical anesthesia, and
refusal to participate in the study. Pre-operative patient
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parameters such as age, gender, side of affected limb,
and delay in surgery were noted. On admission, routine
tests were done according to hospital protocol and
anteroposterior and lateral radiographs of the affected
knee were obtained. All patients were operated under spinal
anesthesia in supine position. The fracture was approached
through a midline longitudinal incision and, after clearing
the fracture ends, towel clips were used to assist in
reduction. Two 2 mm K-wires were introduced parallelly
from below upward and a pre-tensioned 18-gauge stainless
steel wire was wound around the K-wires in a vertical figure
of 8 fashion (in the vertical group) or in a horizontal figure
of 8 fashion (in the horizontal group). Pliers were used
to make two knots on the SS wire (at the superolateral
and superomedial margins of the construct). Medial and
lateral retinaculum was repaired using no. 1 polyglactin
910 suture and then subcutaneous tissue and skin closed
in layers. Post-operative radiographs were obtained and
the patient was allowed knee bending as tolerated from
the 1* post-operative day. Sutures were removed at 14
days and active ROM exercises started. Post operatively,
all patients were followed up for 2 years [Figures 3 and 4].
Post-operative follow-up parameters recorded were time
taken for radiological union of fracture, pain relief, knee
ROM, OKS, and complications such as implant loosening
and infection. OKS is a self-reported questionnaire given
to the patient consisting of 12 questions and score ranging
from 0 to 48; 0-19 represents poor score, 20—29 represents
moderate score, 30-39 represents good score, and 40—48
represents excellent score.

Research Method

Data have been summarized as mean and standard deviation
for numerical variables, and as ratio and percentage for
categorical variables. Student’s unpaired #test was applied
to compare numerical variables between groups, while
unpaired proportions were compared by Chi-square test
in Microsoft Excel. The significance level was set at 0.05,
at which the null hypothesis is either rejected or accepted.

RESULTS AND ANALYSIS

Mean age of patients in the vertical group was 44.3 *
7.394 years (range 3055 years) and that in the horizontal
group was 45.9 = 10.005 years (range 28—065 years). The
male:female ratio in the vertical group was 1:1 (five males
and five females) and that in the horizontal group was 3:2
(six males and four females). The left-sided patella was
more commonly fractured (6 out of 10 in the vertical
group and 7 out of 10 in the horizontal group). Mean delay
between date of injury and date of surgery in the vertical
group was 6.3 £ 7.166 days (range 1-20 days), while that
in the horizontal group was 6.1 = 6.100 (range 1-19 days).

At 2 weeks post-operative, 3 out of 10 patients reported
mild pain in the vertical group, while 2 out of 10 patients
reported mild pain in the horizontal group. At 4 weeks post-
operative, 2 out of 10 patients reported mild pain in the
vertical group, while 1 out of 10 patients reported mild pain
in the horizontal group. Thereafter, no patient from either
group reported any pain in the subsequent follow-ups. P
value at 2 weeks post-operative was 0.605577 and at 4 weeks
post-operative was 0.531168, that is, the difference in post-
operative pain between the two groups is statistically not
significant. Time taken for radiological union of fractures
was identical in both groups, with all fractures showing signs
of union by 4 weeks postoperatively, that is, there is no
difference in the rates of union observed in the two groups.

The mean arc of motion in the vertical group at 2 weeks,
4 weeks, 2 months, 3 months, 6 months, 1 year, and 2 years
postoperatively was 60 £ 15.492, 105 £ 11.785, 133% 8.233,
136 £ 5.164, 137 + 4.831, 137 *+ 4.831, and 138 *+ 4.216
degrees, respectively [Figure 3], and that in the hotizontal
group was 70 = 13.333, 115 £ 7.071, 134 £ 8.433, 137 £
0.750, 138 £ 4.216, 138 + 4.2106, and 139 £ 3.162 degrees,
respectively [Figure 4]. The difference in the arc of motion
at 4 weeks was statistically significant (P = 0.036443) but the
overall difference in the mean arc of motion in the follow-up
period was statistically not significant (P= 0.799724) [Chart 1].

Patients in both groups had moderate knee scores (20-29)
at 2 weeks, good knee scores (30-39) at 4 weeks, and
excellent knee scores (40—48) at subsequent follow-ups.
The mean OKS in the vertical group at 2 weeks, 4 weeks,
2 months, 3 months, 6 months, 1 year, and 2 years
postoperatively was 26.9 £ 2.998, 37.5 & 3.53553, 41.4 £
2.271,43.712.111,45.1 £1.792,45.6 £ 1.647,and 46.7 £
1.338, respectively, and that in the horizontal group was
28.1 £ 2.514, 38.4 + 2.011, 43.3 £ 1.567, 45.2 + 1.989,
46.4 + 1.075, 46.5 £ 0.972, and 47 £ 0.943, respectively.
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Chart 1: Comparison of mean arc of motion between two
groups
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The difference in OKSs at 2 months was statistically
significant (P = 0.044735) but the overall difference in the
mean OKSs in the follow-up period was statistically not
significant (P = 0.762026) [Chart 2].

Slippage of SS wire was the only complication observed:
It occurred in 3 out of 10 patients in the vertical group
and in 2 out of 10 patients in the horizontal group. The
difference in the rates of complication between the two
groups is statistically not significant (P = 0.605577).

DISCUSSION

Patella fracture is a fracture consisting 1% of all extremity
fractures, and among them, transverse type is the most
common."! About 30% of patella fractures require sutgical
intervention.P! Opinion differs as to the optimal treatment
of displaced patellar fractures. Accepted methods include
a variety of wiring techniques, screw fixation, partial
patellectomy, and total patellectomy.”

TBW for displaced transverse fracture of patellais a simple,
inexpensive technique of fixing the fracture with good
patient compliance and advantage of early mobilization
of the joint." The most common type of fixation method
used for transverse patella fracture is modified TBW
using two K-wires across the fracture site with a figure of
eight pattern cerclage witing.”! In a biomechanical study
published in 2016 by Ali ¢ al., it was found that placement
of the figure of eight in a horizontal orientation with
two wire twists at the corner improved interfragmentary
compression by 63% and permanent fracture displacement
was 67% lower with such constructs (P < 0.05; ~test)."!

With this in mind, a study was conducted at our hospital on
20 patients who were randomly allocated into two groups

Oxford knee score
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o
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Chart 2: Comparison of mean Oxford Knee Scores between two
groups

and then operated by vertically oriented figure of 8§ TBW
or horizontally oriented figure of 8 TBW, and the results
were compared. The two groups were comparable in terms
of age and gender distribution, side of affected limb, and
delay between date of injury and date of surgery. There was
no statistical difference in post-operative pain between the
two groups. Furthermore, time taken for radiological union
of fractures was similar in both groups, with all fractures
showing signs of union by 4 weeks postoperatively.

Mean arc of motion was better in the horizontal group at
4 weeks post-operative, but the overall differences in mean
arc of motion were statistically not significant. Patients
treated with horizontally oriented figure of 8 TBW also
had better knee scores at 2 months postoperatively but the
overall differences in mean knee scores were not significant.
Although patients treated with horizontal TBW had fewer
complications, the difference observed in the two groups
was not statistically different. The better outcomes in the
horizontal group in the early post-operative period could
be attributed to better interfragmentary compression as
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Figure 3: Radiographs and clinical photographs of vertical
group
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Figure 4: Radiographs and clinical photographs of horizontal
group

demonstrated in the biomechanical study published in
2016 by Ali ez al!

Thus, in this study, we accept the null hypothesis, that
is, there is no statistically significant difference in the
outcomes obtained by vertically oriented figure of 8 TBW
and horizontally oriented TBW in displaced transverse
fracture of patella in adults.

CONCLUSION

Displaced transverse fracture of patella in adults is best
treated by open reduction and internal fixation using TBW.

Using a horizontal figure of 8 construct is theoretically
superior to the more common vertical figure of 8
construct, achieving better interfragmentary compression
as reported by biomechanical studies. In our study too,
patients treated with horizontally oriented figure of 8
TBW had statistically significant better arc of motion at
4 weeks post-operative and better knee scores at 8 weeks
postoperatively than those treated with vertically oriented
figure of 8 TBW; they also had fewer complications
compared to vertical TBW. However, the overall outcomes
in terms of arc of motion, knee score, complication rate,
fracture union rate, and post-operative pain were not
significantly different.
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