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Abstract

Background: Intramedullary nailing of metaphyseal frac-
tures may be associated with deformity as a result instability
after fixation. Our aim was to evaluate the clinical use of
Poller screws (blocking screws) as a supplement to stability
after fixation with statically locked intramedullary nails of
small diameter.

Aimof Study: To evaluate the mechanical effect and
clinical outcome of poller screw in metaphyseal fractures of
tibia fixed by locking intramedullary nail.

Patients and Methods: 15 men and 5 women (20 fractures)
aged 19 to 60 (mean, 36.25) years underwent fixation of tibial
metaphysis by locking intramedullary nail and poller screw.
The mechanisms of injury included motor car accident in
thirteen patients, fall from height in two patients, direct trauma
in five patients. Radiological and clinical outcome was eval-
uated.

Results: Twenty patients were followed-up in the outpatient
clinic for assessment of fracture healing or the establishment
of anonunion. Union was defined as the healing of at least
3 of 4 cortices on abiplanar radiograph. All the twenty patients
(100%) achieved union at average time twenty weeks (ranging
from 16 to 24 weeks).

Conclusion: Poller (blocking) screws are an important
adjunct for intramedullary nailing; aiding fracture reduction
at the metaphysis, and offsetting deforming forces that cause
malalignment.

Key Words: Poller screw — Fracture fixation — Intramedullary
nail — Metaphyseal — Tibial fractures— Treatment.

Introduction

THE tibiais an important weight bearing bone in
the lower limb [1] . Thetibiais the most commonly
fractured long bone [2] . Thetibial medullary canal
extends from the cancellous bone of the proximal
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metaphysis to that of the distal metaphysis. The
canal of thetibiaiswidest in diameter in the
metaphysis offering the least purchase for fracture
reduction with intramedullary nails [3]. Anin-
tramedullary nail has become the best treatment
of long bone fractures "diaphyseal and selected
metaphyseal fractures’ which provide good stability
with limited soft-tissue dissection [4] . Intramedul-
lary nail stabilization has become the favorable
treatment for femoral and tibial shaft fractures,

with reported union rates for the femur and the
tibia approaching 97% [5]. Unlike screws and plates,
intramedullary fixation has the advantage of load-
sharing [6] . Intramedullary nailing is desirable
since plate osteosynthesis of the tibia has been
shown to have a higher incidence of wound break-
down and infection [7] . Tibial intramedullary nails
are still largely inserted through the patellar tendon-
splitting or para-patellar tendon approach [g]. Al-
though intramedullary nail has been the best treat-

ment for diaphyseal tibial fractures, itsrole in the
management of fractures occurring at the proximal

or distal metaphysis of tibiaremains controversial,
because high complication rates that mostly refer
to unsuccessful reduction and malalignment have
been reported [9] . The cause of malalignment has
been attributed both to displacing muscular forces
and residual instability, to overcome these problems
and improve outcomes, many options to the best
operative technique have been proposed, such as
the poller screws [10,11] . The use of poller screws
was first defined by Krettek and colleagues. These
Poller screws decrease the width of the medullary

canal, block the nail, and increase the mechanical

stiffness of the bone-implant contact. The mechan-
ical effect of the Poller screw is stabilizing tibial

fractures with small proximal or distal fragments
with the insertion of small-diameter intramedullary
nails [12,13] . Stedtfeld et al., demonstrated that
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good axial alignment may be achieved with the
nail in the central position and one blocking screw
in the short fragment near the fracture on the
concave side of the axial deformity [14].

Patients and M ethods

Sudy design:

Thisis a prospective randomized controlled
study that was conducted to eval uate the mechanical
effect and clinical outcome of poller screw-in
metaphyseal fractures of tibiafixed by locking
intramedullary nail.

Study location (settings) and duration:

Orthopedic Department, Al-Zahraa Hospital,
Al-Azhar University, Cairo, Egypt.

Orthopedic Department, Shebeen EI-Kom
Teaching Hospital, Shebeen El-Kom, Menoufia,

Egypt.
From October 2019 to April 2020.

Sudy subject:

20 patients suffering from metaphyseal tibial
fractures including five women and fifteen men
were presented to Al-Zahraa Hospital and Shebeen
El-Kom Teaching Hospital, M to F ratio was 3:1.
The age of the patients was ranging from 19 years
to 60 years with a mean age of 36.25 years. The
mechanisms of injury included motor car accident
in thirteen patients, fall from height in two patients,
direct traumain five patients. Our group of the
study included two diabetic patients, two hyper-
tensive patients, two both diabetic and hypertensive
patients, and fourteen patients with no history of
medical importance. According to Tscherne-Gotzen
classification of the state of the soft tissue, it
includes four grades: (CO, C1, C2, C3). In our
study; there were six patients (CO), eight patients
(C1), and six patients (C2) Fig. (1) [15].

Inclusion criteria:
* Distal tibial metadiaphyseal fractures.
* Proximal tibial metadiaphyseal fractures.

» Skeletally mature.
* Above 17 years old.

Exclusion criteria:

* Proximal and distal tibial articular fractures.
* Open fractures.

* Pathological fractures.

Patients consent:

Written informed consent was obtained from
all participants (or relatives) beforeinclusion in

the study, explaining the value of the study, plus
the procedures that were commenced.

Ethical consideration:

» The whole study design was approved by the
Ethics Committee, Faculty of Medicine for Girls
Al-Azhar University.

* Patients feel free to withdraw from the study at
any time without any consequences.

» Collected data was not and will not be used for
any other purpose.

Methods:

The patients were examined clinically to eval-
uate the soft tissue condition and to exclude any
vascular or neurological injuries, radiographs were
obtained in the AP and lat. views, taking into
consideration the above inclusive and exclusive
criteria. Patients were put in the above-knee slab
until the time of surgery.

Laboratory investigations include complete
blood count, blood sugar, liver and kidney func-
tions, and coagulation profile to assess their general
condition. There were two diabetic patients, two
hypertensive patients, and two diabetic and hyper-
tensive patients.

Anesthesia;

Ten patients underwent spinal anesthesia, five
patients underwent epidural anesthesia and five
patients underwent general anesthesiaand all were
after the anesthesiologist team recommendations
according to the general condition of the patients
or the recommendations of the patients themselves.

Operative technique:

The operation was done in a supine position
on aradiolucent fracture table, then sterilizing and
draping the limb in a sterile position. A trans-
patellar approach was used for nail insertion. The
starting point was obtained using an awl and guide
wire with fluoroscopic guidance Figs. (2,3).

A guide wire passed across the fracture in-
tramedullary with the knee flexed, and then reaming
of the medullary canal was performed over the
guide wire using flexible reamers until reaching
the suitable nail size.

Blocking Screws (BS) were placed through
percutaneous wounds either opposite the distal
portion of the proximal fracture fragment or the
proximal portion of the distal fragment and either
medial or lateral to the nail according to the fracture
pattern and either before or after the nail insertion.
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Generadly, the blocking screw was used on the
concave side of the deformity near the fracture
line in the short fragment when one screw was
used between the cortex and the nail under image
intensification. When 2 blocking screws were
placed, the second screw was on the convex side
of deformity near the end of the nail in the short
fragment.

To limit apex anterior angulation, BS was placed
posterior to the central axis of the tibia so that the
nail would pass anterior to the blocking screw. To
limit valgus angulation, BS was placed lateral to
the central axis of the tibia so the nail would pass
medial to the BS. To limit varus angulation, BS
was placed medial to the central axis of thetibia
so that the nail would pass lateral to the BS.

After atibial nail of the appropriate length and
diameter was selected, it was advanced gently over
the guide wire past the fracture site. Fluoroscopic
images confirmed the appropriate alignment of the
fracture with the passage of the nail through the
fracture site. If the alignment was still unsatisfac-
tory, the nail was temporarily removed and the
blocking screw was added then the nail was rein-
serted again. If the alignment was satisfactory, one
or two blocking screws were added while applying
manual overcorrection to increase the stability of
the bone-implant complex and maintain the align-
ment. The nails were locked in standard fashion
proximally and distally with proximal and distal
aiming devices Fig. (4).

Post-operative care:

* Post-operative X-rays were taken both in PA and
Latera, and fracture reduction was confirmed.

* The patients received post-operative antibiotics
and the 1 & dressing after three days.

« Joint mobilization of both knee and ankle joints
was started on the second postoperative day and
partial weight-bearing was allowed for six to
eight weeks. Thereafter, weight-bearing was
increased based on the absence of pain and a
study of the radiographs (appearance of callus)
in follow-up visits.

Follow-up:

Following the removal of sutures (2 weeks),
patients were seen in the clinic every month until
the union was achieved clinically and radiograph-
ically and after the union.

Methods of assessment of the result:

A- Clinical assessment: The clinical examination
included physical examination, neurovascular
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examination and assessment of axial alignment,
and functional analysis. The rotational alignment
was assessed clinically by checking the relation-
ship of the intercondylar axis with the inter-
malleolar axis and comparing it with that of the
normal side. Functional recovery was assessed
using the Olerud-Molander score [16].

Olerud-Molander score of 91 to 100 points was
considered excellent, 61-90 points: Good, 31-60
points. Fair and less than 31: Poor (Table 1) [16].

B- Radiological assessment: After clinical exam-
ination, true orthogonal anteroposterior and
lateral radiographs were taken and eval uated
according to the RUST (radiological union score
of tibial fractures) system. Four corticesin the
tibial lines of the anteroposterior and lateral
radiographs were evaluated for the persistence
of fracture lines and their visibility in all cortices.
Scores of 12 were the highest and 4 the lowest
(Table2) [17-19].

Case examples: Figs. (5,6).

Satistical analysis of data:

Data entry, coding, and analysis were conducted
using SPSS, IBM Corp .

Table (1): Olerud and Molander score: Graded out of 100.

Situation Score
1- Pain None 25
When walking on irregular train 20
When walking on any outdoor surface 10
When walking indoor 5
Constant and severe 0
2- Stiffness  None 10
Stiff 0
3- Swelling None 10
Only in the evening 5
Constant 0
4- Climbing Not aproblem 10
stairs Asymmetrically 5
Impossible 0
5- Running  Possible 5
Impossible 0
6- Jumping Possible 5
Impossible 0
7- Squatting Possible 5
Impossible 0
8- Waking None 10
assistance Bandage ankle brace 5
Cane or crush 0
9- Work or ~ Same as before 20
daily life Lessintensive 15
activities  Adapted work or part-time work 10
Severe 0
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Fig. (1): The Tscherne classification of closed fractures: CO, Fig. (2): Show trans-patellar approach in the supine position
simple fracture configuration with little or no soft on aradiolucent fracture table.
tissue injury; C1, superficial abrasion, mild to mod-
erately severe fracture configuration; C2, deep con-
tamination with local skin or muscle contusion,
moderately severe fracture configuration; C3, exten-

sive contusion or crushing of skin or destruction of
muscle, severe fracture (15).

Fig. (3): The starting point was obtained using an awl and guide wire with fluoroscopic guidancein AP and Lat. view.

Fig. (4): Reaming and insertion of intramedullary nail and poller screw.
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Fig. (5): A- Pre-operative X-ray, B- Post-operative X-ray, C- Follow-up X-ray.

(A)

Fig. (6): A- Pre-operative X-ray, B- Post-operative X-ray, C- Follow-up X-ray.

Table (2): Radiographic union scale for Tibial fractures.

Table (3): Results according to the age group.

Fractureline Visiblefracture No fractureline,

Cortex visible, no lineand callus visible callus
callus (Score=1) (Score=2) (Score=3)
Anterior
Posterior
Medial
Lateral
Results

The overall results were studied according to:
(Age, sex, medical history, initial deformity, number
and site of blocking screws, timing of blocking
screws before or after nail insertion, post-operative
fracture alignment, fracture healing, alignment, at
last, follow-up, complications) all in correlation
to Olerud-Molander score.

Our group of studiesincluded thirteen patients
below forty years old, five patients from forty to
fifty yearsold, and two patients from fifty to sixty.
According to Olerud-Molander score; nine patients
had score excellent (seven below forty and two
from forty to fifty) and eleven patients had score
good (six below forty, three between forty and fifty
and two above fifty to sixty) (Table 3).

Age No. of cases Olerud Molander Score Percent

<40 13 7 Excellent 35
6 Good 30
40-50 5 2 Excellent 10
3 Good 15
50-60 2 Good 10
Total 20 100

Our group of the study included fifteen men
and five women; we found that in the male group;
six patients had Olerud-Molander score excellent
and nine patients had scored good, while in the
female group; three patients had score excellent
and two patients had scored good (Table 4).

Table (4): Results according to the sex group.

Sex No. of cases Olerud Molander Score Percent
Male 15 6 Excellent 30

9 Good 45
Female 5 3 Excellent 15

2 Good 10
Total 20 100
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Our group of the study included two diabetic
patients, two hypertensive patients, and two patients
both diabetic and hypertensive while the rest of
the group had no significant medical history. The
two diabetic patients had score good (10%), the
two hypertensive patients; one patient had score
excellent (5%) and the other had score good (5%),
while the two diabetic and hypertensive patients
had score good (10%), while the rest of the group
with no medical history; eight patients had score
excellent (40%) and six had score good (30%)
(Table5).

Our patient group included five patients with
varus deformity, al patients had excellent Olerud-
Molander score. Six patients with lateral tranglation
deformity, five patients had Olerud-Molander score
good and one patient had score excellent. Five
patients with Valgus deformity, all the five patients
had Olerud-Molander score well. Lastly four pa-
tients with apex anterior deformity, three patients
had Olerud-Molander score excellent and one
patient had score good (Table 6).

In the group of the varus deformity, four patients
were treated with IMN and one blocking screw
medial to the nail from anterior to posterior in the

Table (5): Results according to the medical history of the

distal fragment and their scores were excellent
while one patient was treated with IMN and two
blocking screws (one medial proximal and other
lateral distal to the nail, both in the distal fragment)
and this patient also had score excellent.

In the group of the lateral trandlation deformity,
we used two blocking screws medial to the nail
from anterior to posterior in one patient (5%) who
got score good and we used one blocking screw
medial to the nail in five patients (25%); of them,
one (5%) got score excellent and four (20%) got
score well.

In the group of the five patients with the Valgus
deformity, we used one blocking screw lateral to
the nail from anterior to posterior in two patients
(10%0), the first patient had a proximal third tibial
fracture, we used one blocking screw lateral to the
nail in the proximal fragment, while the second
patient had a distal third tibial fracture, we used
one blocking screw also lateral to the nail but in
the distal fragment. Both patients had a score good.
We used two blocking screws in three patients
(15%) (one lateral proximal and the other medial
distal to the nail, both in the distal fragment). The
three patients got scores good.

Table (6): Theinitial deformity caused by trauma.

patients. iti Olerud Moland
_ _ i:lnelfté?lmi ty No. of cases eru Scor?aan e Percent
Medical history No. of cases Ol eru% Pel ander Percent
Varus 5 Excellent 25
No medical history 14 8 Excellent 40
6 Good 30 Trandation 6 1 Excellent 5
Good 25
HTN 2 1 Excellent 5
1 Good 5 Apex anterior 4 3 Excellent 15
DM 2 Good 10 L Good 5
HTN & DM 2 Good 10 Valgus 5 Good 25
Total 20 100 Total 20 100

Table (7): Number and place of blocking screws.

Initial Number of . Olerud Molander
deformity No. of cases poller screws Site of poller screws Score Percent
Varus 5 4 Single Media Excellent 20

1 Double 1 media & 1 lateral Excellent 5
Tranglation 6 51 Single Media Excellent 5

4 Single Media Good 20

1 Double 2 medid Good 5
Valgus 5 2 Single Latera Good 10

3 Double 1 media & 1 lateral Good 15
Apex anterior 4 3 Single Posterior Excellent 15

1 Single Posterior Good 5
Total 20 100
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In the group of the four patients with the apex
anterior deformity in proximal third tibial fractures,
we used in the entire four patients (20%) one screw
posterior to the nail from medial to lateral in the
proximal fragment. Three patients (15%) had score
excellent and one patient (5%) had score good
(Table7).

We used blocking screws in seven patients
before introducing the nail to correct the alignment
mainly in patients with apex anterior deformity in
proximal third tibial fractures (four patients 20%),
one patient with varus deformity (5%), and one
patient with lateral trandation deformity (5%) and
one patient with Valgus deformity. From these
seven patients, five patients had score excellent
(25%) and two patients had score good (10%).

We used blocking screws after the insertion of
the nail in thirteen patients (65%) to improve and
maintain the achieved reduction, from these pa-
tients; four patients had score excellent (20%) and
nine patients had score good (45%) (Table 8).

Table (8): Timing of blocking screws.

Timing of Olerud Molander
blocking screws No. of cases Score Percent
Beforenailing 7 5 Excellent 25

2 Good 10
After nailing 13 4 Excellent 20

9 Good 45
Total 20 100

AP and Lateral radiographs were obtained for
all cases postoperatively and with each follow-up
visit. Fracture alignment was determined on these
radiographs. AP radiographs were used to determine
coronal plane deformity (varus and valgus), and
lateral radiographs were used to determine sagittal
plane deformity (flexion and extension).

Changes in the alignment were noted. Maa
lignment was defined as more than 5° of angular
deformity.

Two of the twenty patients had post-operative
fracture varus angulation that was less than 5°,
they had score excellent, and one patient had
postoperative valgus angulation of about 3° who
achieved score good (Table 9).

Twenty patients were followed-up in the outpa-
tient clinic for assessment of fracture healing or
the establishment of a nonunion. Union was defined
asthe healing of at least 3 of 4 cortices on a biplanar
radiograph. All the twenty patients (100%) achieved
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union at average time twenty weeks (ranging from
16 to 24 weeks).

Nine patients have RUST score 3 in each cortex
i.e. total 12 and excellent Olerud Molander score.

Eleven patients have RUST score 11 and good
Olerud Molander score (Table 10):

* Three patients have RUST score 2 in the medial
cortex and 3 in other cortices.

* Three patients have RUST score 2 in the latera
cortex and 3 in other cortices.

* Three patients have RUST score 2 in the posterior
cortex and 3 in other cortices.

* Two patients have RUST score 2 in the anterior
cortex and 3 in other cortices.

Table (9): Post-operative alignment.

Post-operative No. of Olerud Molander Percent
alignment Score
Neutral 17 7 Excellent 35

10 Good 50
Varus 2 Excellent 10
Valgus 1 Good 5
Totd 20 100

Table (10): Fracture healing according to RUST score.

Post- Olerud
operative  No. of cases Molander Percent
alignment Score
RUST=12 9 Excellent 45
RUST=11 11 3(2pointsinthe Good 15
medial cortex, 3 points
in other cortices)
3 (2 pointsin thelateral  Good 15
cortex, 3 pointsin other
cortices)
3 (2 pointsin posterior Good 15
cortex, 3 pointsin other
cortices)
2 (2 pointsin the Good 10
anterior cortex, 3 points
in other cortices)
Tota 20 100

Discussion

The distal and proximal tibial fracturesin the
metaphysis, stabilized with locking intramedullary
nail are associated with a high degree of malalign-
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ment. This has been due to muscular forces which
displace the fracture and cause instability [20].

Extra-articular proximal tibial fracturestreated
with an intramedullary nail will commonly be mal-
reduced in valgus, apex anterior, and have a pos-
terior displacement of the distal fragment [21].

Regarding the preoperative deformity:

Our patients group included 5 patients with
varus deformity, 6 patients with lateral translation
deformity, 5 patients with Valgus deformity, and
lastly 4 patients with apex anterior deformity.

In accordance, Kulkarni et al., in 2012 studied
75 cases of proximal tibial fractures who underwent
locking intramedullary nail with the use of poller
screws pre-operatively, of the 75 cases, 30 cases
were varus, 35 cases were valgus and 10 cases
were neutral [22].

Also, Shah et al., in 2015 analyzed radiological
and clinical outcomes of 60 tibial fractures, 24
proximal third and 36 distal third who underwent
treatment with Poller screws. Pre-operatively in
24 cases with proximal tibial fractures, 9 cases
werein the neutral position, 9 cases had varus and
6 cases had avalgus deformity. In patients with
distal fractures, 15 cases were in the neutral position
and 21 cases had a valgus deformity. In total, 15
patients had procurvatum and 21 patients had
recurvatum [23].

In astudy by Gadegone et al., one hundred and
twelve cases with distal tibia fractures were treated
with intramedullary nailing. The augmentation was
done with Poller screws whenever it was necessary.
The unstable distal meta-diaphyseal fractures were
stabilized with a Poller screw in 38 cases. Poller
screws are used in 23 cases on the media side, 12
cases on the lateral side, and 3 cases on the posterior
side of the nail [24].

Regar ding the post-oper ative alignment:

In our series cases of metaphysio-diaphyseal
fractures treated by an intramedullary nail in com-
bination with Poller screws, there were seventeen
cases that showed good alignment with neutral
position, while two patients had post-operative
fracture varus angulation that was less than 5°, and
one patient had post-operative valgus angulation
of about 3°.

Similar results were reported in other studies
aswell. Kulkarni et al., showed the results of
seventy-fivetibial fractures underwent locking
intramedullary nail with poller screws. Post-
operatively 74 patients had <5° of varus or valgus

malalignment and only one has avarus of +7°. 65
cases had no deformity, 7 had a deformity of <3°,
and 3 had a deformity of 4°to 9° [22].

Shah et al., in their study of outcomes of 60
tibial fractures showed that; 57 cases had <5° valgus
or varus deformity 3 cases had 8° valgus deformity
[23].

Regarding fracture healing:

In our study, al the twenty patients (100%)
achieved union at average time twenty weeks
(ranging from 16 to 24 weeks). According to Oler-
ud-Molander score, the outcome has been excellent
in 9 patients, good in 11, and poor in none of the
patients. Our study showed comparable results
with reported series in the literature.

In the study by Sengodan et al., 2014, all the
fractures united in amean period of 11.5 weeks.
Karlstrom-Olerud score has been excellent in 14
patients (70%), good in 4 patients (20%), and fair
in 2 patients (10%) (25).

In the series by Kulkarni et al., 2012, all 75
patients have bone union eventually. In 69 patients;
healing occurred after amean of 4.2 months. In5
patients; there was non-union which was united
by using a bone graft. One patient was mal-united.
Sixty-three cases had recovered a good range of
knee motion (0°-130°), and the remaining 7 cases
sustained flexion of 0°to 90°. All cases were able
to do daily activities with full weight-bearing and
without shortening or limping. According to knee
rating scale of the Hospital for Special Surgery,
the outcome was excellent in 50 cases, good in 14
cases, poor in 3 cases, and failed in 3 cases at
month 12, and remained so after a mean follow-
up of 30.8 months [22].

Regar ding the post-operative complications:

In our study, there was one patient had a new
fracture line at the site of placement of the blocking
screw so we delayed weight-bearing and applied
aback slab for two weeks then started partial
weight-bearing. This patient achieved complete
union and maintained alignment and according to
functional recovery using Olerud-Molander score,
he accomplished a good score.

In the study by Kulkarni et al., post-operative
complications included anterior knee joint pain in
8 cases, and superficia infectionsin 4 cases, which
was treated with local debridement and use of
antibiotic-impregnated beads [22] .

In the study by Sengodan et al., 2014, the
blocking screw related complications were in one
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case which had a new fracture line while inserting
the nail after placement of blocking screw. But the
alignment was done and maintained and the fracture
united within 8 weeks. Complications which not
related to blocking screws were in 2 patients. They
had developed an infection and went in for a de-
layed union of which one required dynamization
to achieve union. No neurovascular complications
were encountered [25].

Conclusion:

Poller screw has a good mechanical effect and
enhances the clinical outcome metaphyseal frac-
tures of tibia fixed by locking intramedullary nail.
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