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Evaluation of the distal tibial fractures treated with intramedullary nailing in terms of
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Abstract:
Background:_The aim of the present study was to evaluate outcomes of distal tibia fractures AO/OTA
43 Al, A2, A3 whom we have treated through intramedullary nailing especially for alignment
disorders.

Materials and Methods: Fifty-five patients with distal tibia fractures AO/OTA type 43A1, A2, A3
(38 males, 17 females, mean age 41.3+15.3 years, mean follow-up period 35.1+9 weeks) who were
treated through intramedullary nailing were evaluated retrospectively. Fracture union status, union
time, complications and alignment disorders of the patients were evaluated. Olerud-Molander score
was used for clinical evaluation.

Results:_Union was achieved in all patients. Mean Olerud-Molander score was 88.5 + 8. Mean varus
angle was 0.6 + 1.4°, mean valgus angle was 2.1 & 1.9°, mean recurvatum angle was 0.7 + 1.2°, mean
procurvatum angle was 0.3 + 0.7°, mean rotation angle was 0.5 + 1.4°. Two patients (3.6%) had varus
malunion; 6 patients (10.9%) had valgus malunion, 1 patient (1.8%) had recurvatum malunion and 3
patients (5.5%) had rotation malunion.

Conclusion:_Successful results are obtained by intramedullary nailing treatment of distal tibia
fractures. However, alignment problems, valgus alignment disorder in particular are not a rare
complication (10.9%). A careful evaluation during surgical treatment and different techniques may
help to prevent this complication.
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iIntramediiller civi ile tedavi edilmis distal tibia kiriklariin dizilim bozuklugu
acisindan incelenmesi

Ozet

Amag: Calismamizda intramediiller ¢ivileme ile tedavi edilmis AO/OTA tip 43 Al, A2, A3 distal tibia
kiriklariin dizilim bozuklugu a¢isindan sonuglarint degerlendirmeyi amagladik.

Yontem: Intramediiller ¢ivileme ile tedavi edilmis AO/OTA tip 43A1, A2, A3 distal tibia kirig1 olan 55 hasta
(38 erkek, 17 kadin, ortalama yas 41.3+15.3, ortalama takip siiresi 35.1£9 hafta); retrospektif olarak
degerlendirildi. Hastalarin kirik kaynama durumu, kaynama zamani, komplikasyonlar ve kaynama durumlari
degerlendirildi. Klinik degerlendirme igin Olerud-Molander skoru kullanildi.

Bulgular: Tiim hastalarda kaynama saglandi. Ortalama Olerud-Molander skoru 88.5 + 8 idi. Ortalama varus
acilanmasi 0.6 + 1.4°, ortalama valgus agilanmasi 2.1 + 1.9°, ortalama rekurvatum agilanmasi 0.7 + 1.2°,
ortalama prokurvatum agilanmas1 0.3 + 0.7°, ortalama rotasyon agis1 ise 0.5 £ 1.4° olarak bulundu. iki hastada
(%3.6) varus, 6 hastada (9%10.9) valgus, 1 hastada (%1.8) rekurvatum and 3 hastada (%5.5) rotasyonda yanlis
kaynama tespit edildi.

Sonuc: Intramediiller civileme ile tedavi edilmis distal tibia kiriklarinda basarili sonuclar elde edilmistir.
Bununla birlikte, dizilim problemleri, valgus dizilim bozuklugu nadir goriilen komplikasyonlar degildir(%10.9).
Bu komplikasyonlarin engellenmesinde; cerrahi tedavi esnasinda dikkatli degerlendirme ve farkli teknikler
gerekebilmektedir.

Anahtar Kelimeler: tibia kirig1, kirik fiksasyonu, tibia.

Introduction

There is not any consensus about surgical treatment of distal tibia fractures (1-4). The most
common treatment method preferred is intramedullary nailing (IMN) through minimally
invasive plaque osteosynthesis (MIPPO). Fixation with minimal invasive plaque provides a
more intact structure and an easier treatment method for implementation technique. However,
infection, wound problems were frequently reported (5,6). Nevertheless, intramedullary
nailing has many advantages for surgical treatment of distal tibia fractures (less soft tissue
dissection, lower infection rates, closed method implementation option etc.). However,
metaphysial dilatation, shortening on distal side of the fracture as well as alignment problems

appear as important problems in this procedure (1,7-10). Recently developed nailing systems
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which enable more nailing and more distal side procedures both increase biomechanical

stability and alignment problems are tried to be prevented (11).

However, malalignment still appears as an important complication of intramedullary nailing
procedure. Our hypothesis in the present study is that successful outcomes are obtained
through intramedullary nailing procedure for surgical treatment of distal tibia fractures;
however, alignment problems should not be ignored and such complications may be reduced
by being careful. Therefore, our aim in the present study to address the outcomes obtained in
the fractures AO/OTA 43Al1, A2, A3 that we have treated through intramedullary nailing,

especially for malalignment.

Material and Method

All tibia fractures treated in our hospital between January 2008 and October 2014 were
evaluated retrospectively. Cases with distal tibia fractures without extension to the ankle who
were treated by intramedullary nailing (IMN) and followed-up at least for one year were
enrolled into the study. The cases treated with therapy procedures other than intramedullary
nailing (plate osteosynthesis, external fixator etc.), with extension to the ankle and grade 3

open fractures according to Gustilo Anderson were excluded.

Sixty four patients with AO/OTA 43A1, A2 and A3 fractures who were treated through IMN
and followed-up for at least one year were evaluated. Nine patients could not be contacted
during follow-ups. Consequently, 55 patients (38 males, 17 females, mean age 41.3+15.3)

with AO/OTA Al, A2, A3 fractures were included into our study.

Surgical technique

The procedures investigated in the present study were performed by 3 different surgeons.

Early irrigation, debridement, antibiotherapy and skeletal traction were applied for open
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fractures. After the wound was observed as clean and available for surgery, permanent
surgical treatment was implemented. The fracture of the fibula was assessed first during
surgical approach. For fibula fractures considered as syndesmosis injury and instable, the
fibula was fixated with a plate. IMN procedure was performed through a medial parapatellar
approach while the knee was at flexion by 90° in all cases. The guidewire was observed on
medial side of both anteroposterior and lateral planes to prevent malunion in the cases and
intramedullay nailing was performed accordingly. Fractures with a sufficient distance on the
distal side, 3 locking screws were inserted whereas 2 locking screws were inserted for the
cases without sufficient distance. Polar screw was not inserted in none of the cases. The
patients were not allowed to load for 6 weeks after the procedure. Then, they were allowed to
load partially and complete loading on the leg was allowed after callus was observed in at

least one cortex radiologically after 10 weeks (Figure 1).

Figure 1: Seventy-year-old male AO/OTA type 43A3 a, b) Preoperative X-rays c¢) Early postoperative X-ray d,
e) Postoperative X-ray at 19 th month

Ages, genders, fracture sides, injury mechanisms, fracture type, additional fracture, smoking
status, diabetes history of the patients as well as number of the screws applied onto the distal
side were evaluated. During postoperative period, follow-up period, union status, union time,
infection status, malunion and anterior knee pain were all evaluated. Malunion evaluation
included radiological assessment of varus, valgus, recurvatum, procurvatum as well as

radiological assessment of rotation. Rotation assessment was performed by comparing the
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tibial tubercle, tibial crest and midline of the ankle with the healthy side (4). A deformity of 5
degrees and above on any plane radiologically and clinically was considered as malunion.”

Clinical evaluation of the patients were done by Olerud Molander scoring.

Statistical Analysis

The statistical analysis was performed by SPSS 22.0 software programme (IBM Corporation,
Armonk, NY,USA). The average, standard deviation, median minimum, median maximum,
frequency and ratio values were used for descriptive statistics of the data. Distribution of the
variables were measured by using Kolmogorov-Smirnov test. Mann-Whitney U test was used
for quantitative analysis of the data. A p value of <0,05 was considered as statistically

significant.

Results:

Mean age of 55 patients (38 males, 17 females) was 41.3+15.3. Trauma history of the patients
was falling in 33 (60%) patients, sports injury in 4 (7.2%) patients and traffic accident in 18
(32.7%) patients. The fracture type included AO/OTA type 43Al in 24 (43.6%) patients,
43A2 in 18 (32.7%) patients and 43A3 in 13 (23.6%) patients. Eight (14.5%) patients had
Gustilo Andersion type 1 fracture whereas 8 (14.5%) patients had Gustilo Anderson type 2
fracture. Closed fracture was detected in 39 (70.9%) patients. Fifty-two (94.5%) patients had
fibula fracture. Plate fixation was applied in 5 (9.1%) patients only. Three screws were placed
on distal side of the nail in 35 (63.6%) patients whereas 2 screws were placed on distal side of
the nail in 20 (36.4%) patients. Detailed characteristics of the patients were presented in

Table 1.

Mean follow-up period was 35.1+9 weeks. Complete (100%) union was provided in all
patients. Mean union period was 14.2+1.9 weeks. Mean Olerud Molander score was 88.5+8.
Superficial infection developed in 5 (9.1%) patients and 2 (3.6%) patients developed deep
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infection (Table 2). Infection regression was achieved through wound care and oral
antibiotherapy in the patients with superficial infection. After fracture union was achieved by
antibiotic pressure in the patients with deep infection, the intramedullary nails were removed.

(Figure 2). Anterior knee pain was detected in 15 (27.3%) patients postoperatively.

Figure 2: Thirty-one-year-old male AO/OTA type 43A3 a, b) Preoperative X-rays c¢) Early postoperative X-ray
d,e)Postoperative X-ray at 34 th month, removal of the nail after fracture healing due to deep infection

Alignment problems were as follows; mean varus angle 0.6£1.4 degrees; mean valgus
angle was 2.1+1.9 degrees; mean recurvatum angle was 0.7+1.2 degrees; mean procurvatum
angle was 0.320.7 degrees and mean rotation angle was 0.5£1.4 degrees. Two (3.6%) patients
developed varus malunion; 6 (10.9%) patients developed valgus malunion; one (1.8%) patient

developed recurvatum malunion; 3 (5.5%) patients developed rotation malunion (Table 2).

There was not any significant association between Olerud Molander score and fracture union time and
wound status, fibula fixation, and number of distal screws (p>0.05) (Table 3,4 ). Union time was
significantly longer in AO/OTA 43A3 fracture type (p<0.05) (Figure 3). Furthermore, Olerud

Molander score was found significantly lower in AO/OTA 43A3 fracture type (p<0.05) (Figure 4).

973



Yiksel.

AU Saglik Bil. Derg.

Union time (weeks)

17

13 7

11

Fracture type

Figure 3: Association between fracture type and union time

Table 1: Characteristics of patients
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Olerud-Molander score

Fracture type

Figure 4: Association between fracture type and Olerud Molander score

Min.-Max. Median Average.+SD/n-%
Gender Female 17 30,9%
Male 38 69,1%
. Left 35 63,6%
Side ; ;
Right 20 36,4%
Falling 33 60,0%
Trauma mechanism Sport injury 4 7,3%
Traffic accident 18 32,7%
Fracture Type(AO/OTA Al 2 43.6%
e 18
classification) A2 32,7%
A3 13 23,6%
Open fracture type 0 39 70,9%
(Gustilo Anderson 1 8 14,5%
classification) 2 8 14,5%
Polytrauma 8 14,5%
Smoking 14 25,5%
Diabetes mellitus history 6 10,9%
Fibula fracture 52 94,5%
Fibula osteosynhtesis S 9,1%
2 20
Distal screw number 36,4%
3 35 63,6%
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Table 2: Results

Min-Max Median Average.+s.d./n-%
Fallow-up (months) 13,0 - 55,0 36,0 351 £ 9,0
Union Time (weeks) 11,0 - 18,0 14,0 142 £ 19
Olerud-Molander Score 70 - 100 90 88,5 + 8,0
Varus malalignment (degrees) 0 -6 0 06 £+ 14
Valgus malalignment (degrees) 0 -7 2 21 £ 1,9
Recurvatum malalignment (degrees) 0 -5 0 0,7 £ 1,2
Procurvatum malalignment (degrees) 0 -3 0 0,3 + 0,7
Rotation malalignment (degrees) 0 -5 0 05 + 14
Varus Malunion (person) 2 3,6%
Valgus Malunion (person) 6 10,9%
Recurvatum Malunion (person) 1 1,8%
Procurvatum Malunion (person) 0 0,0%
Rotation Malunion (person) 3 5,5%
Superficial Infection 5 9,1%
Deep Infection 2 3,6%
Anterior Knee Pain 15 27,3%
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Table 3: Parameters associated with union time

Union Time (weeks)

p
Min-Max Median  Average.+s.d.
Al 11 - 18 14 136 + 1,6
Fracture type A2 12 - 17 13 138 + 16 0,017 X
A3 12 - 18 16 157 + 2,3
0 12 - 18 14 143 + 19
Open fracture type (Gustilo ) " K
Anderson classification) 11 - 16 13 13,0 16 0,053
13 - 18 14 149 + 2,0
No 11 - 18 14 141 + 1,9
Fibula osteosynthesis 0858 "
Yes 12 - 18 13 146 + 2,7
) 1 12 - 18 14 141 + 1,8 o
Distal screw numbers i 11 - 18 14 142 + 20 0,845
K Kruskal-wallis / ™ Mann-whitney u test
Table 4: Parameters associated with Olerud Molander score
Olerud-MolanderScore 0
Min-Max Median Average +s.d.
Al 80 - 100 90 91,7 + 7,2
Fracture type A2 80 - 100 85 883 + 75 0012 K
A3 70 - 95 85 83,1 + 7,8
0 70 - 100 90 90,0 = 7,3
Open fracture type _(Gustllo 1 75 - 100 83 86,9 + 113 (747 K
Anderson classification) '
2 75 - 90 83 83,1 + 53
_ _ No 70 - 100 88 88,6 + 8,0 -
Fibula osteosynthesis Yes 75 - 95 95 880 + 97 0,881
) I 75 - 100 90 895 + 81 o
Distal screw numbers i 70 - 100 85 880 + 81 0,476

K Kruskal-wallis / ™ Mann-whitney u test

DISCUSSION:

One of the most common problems experienced in IMN for treatment of distal tibia fracture is
malalignment.In the present study, malalignment was detected in 16.3% (9 patients) of the patients
(valgus malalignment, 10.9%). Previous studies reported more malalignment in IMN approach for
treatment of distal tibia fracture when compared with fixation by plate. However, Polat et al. reported

similar malalignment rates in their study where they compared MIPPO and IMN (12). Nevertheless,
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malalignment on coronal plane was detected more in IMN group whereas malalignment on the sagittal
plane was more in MIPPO groups (12). In the present study, valgus malalignment was detected more
especially on coronal plane (10.9%). Authors of previous studies and meta-analyses suggested that
cause of more malalignment detection in IMN procedure was comparison of open reduction and
fixation by a plate. They defended that since anatomic reduction is achieved during open reduction,
malalignment was observed less (12). However, similar malalignment rates were detected in MIPPO

procedure where closed reduction methods are used and IMN procedure (12).

McArthur et al. reported in their study that a pseuodo-malalignment may appear unless a fluoroscopic
imaging was performed at a complete vertical angle onto the tibia and ankle during intramedullary
nailing (13). They detected a malalignment of 15 degrees in the measurements performed through
imaging performed at 15 degrees of craniocaudal angle as well as vertical angle imaging (13). General
positioning of the knee joint at flexion during intramedullary nailing prevents a complete vertical
imaging in some cases. This inaccurate imaging may cause postoperative malalignment (13). One of
the causes of malalignment which was observed more during postoperative period in the present study
may be due to the procedure performed at knee flexion in all cases. The intramedullary nailing with
suprapatellar insertion which is preferred during recent years is performed at semi-extension position
(14). We believe that this new approach will be preferred more in the future since the ankle and distal
side of the tibia can be imaged easier at semi-extension position. In the study conducted by Aviluce at
al. where tibial IMN procedure through suprapatellar and infrapatellar insertion were compared, they

reported lower malalignment rates in IMN procedure through suprapatellar insertion (15).

There are various studies related to IMN procedure for distal tibia fractures with intraarticular
extension (3,11,16,17). This procedure may also be performed with newly designed nails which enable
more screwing and more distal procedure (11). One of the most important issues in intramedullary
nailing procedure of distal tibia fractures is that the guidewire inserted before nailing procedure is just
on the middle at both coronal and sagittal planes (3). Unless this is achieved, the nail is placed

centrally and causes intraoperative malalignment. Unless the guidewire is placed centrally, polar screw
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procedures were started to be applied lately (3,9,10). Other procedures include calcaneal traction and
percutaneous clamp procedures (3,11). These methods were usually preferred in the present study;

therefore, polar screw procedure was not needed in any case.

There are different opinions about place of fibula fixation in treatment of distal tibia fractures. In the
study carried out by Egol et al., significantly lower malalignment rates were detected in the patients
whom fibula fixation was done (7). Moreover, a cadaver study indicated that fibula fixation in tibia
and fibula fractures increase rotational stability (18). However, higher non-union rates were detected in
the group where fibula fixation was done in distal tibia fractures (19,20). Number of the patients whom
fibula fixation was done is quite lower in the present study (9.1%). We believe that less fibula fixation
rates may be one of the causes for higher valgus malalignment cases. Further studies where higher
number of patients are compared whether fibula fixation is done for similar fracture types are needed

to be able to suggest the clear effect of fibula fixation on malalignment and union.

Limitations of the present study were as follows; the study was retrospective, number of the cases was
less, the procedures were performed by different surgeons, rates of the patients whom fibula fixation

was done were lower, therefore effects on outcomes could not be evaluated completely.

Consequently, successful functional and radiological outcomes may be achieved through IMN
procedure for treatment of distal tibia fractures. However, malalignment, valgus malalignment in
particular is an important complication of IMN procedure. We suggest that such complication may be
prevented by a careful exploration during surgical treatment. Furthermore, we also believe that polar
screw procedure as well as intramedullar nailing procedure with suprapatellar insertion where
fluoroscopic evaluation may be done easier at semi-extension of the knee during the treatment may be

the factors to reduce the malalignment.

There is no conflict of interest.
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