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ABSTRACT
BACKGROUND: Distal tibial epiphyseal fractures damage to epiphyseal growth plate. Epiphyseal growth arrest (EGA), reflex sympathetic dystrophy and ankle joint stiffness may also occur after distal tibial epiphyseal injury. This study aims to evaluate the role of trauma
mechanism, fracture pattern and fixation technique on clinical outcomes and EGA in the surgically treated distal tibial epiphyseal fractures.
METHODS: Twenty seven patients who underwent surgery for distal tibial epiphyseal fracture between the 2011 and 2017 were
evaluated retrospectively. The effects of trauma mechanism, fixation technique, preoperative duration, fracture patterns on the clinical
results and EGA were examined. AOFAS (The American Orthopedic Foot and Ankle Score) and MOXFQ (The Manchester-Oxford
Foot Questionaire) were used for clinical evaluation.
RESULTS: Twenty seven patients (17 male and 10 female) were included in this study. The most important complication of epiphyseal injury was the growth pause in eight patients. No statistically significant difference was observed concerning clinical scores and
complications according to trauma mechanism, fixation techniques and fracture patterns (p>0.05).
CONCLUSION: Regardless of the trauma mechanism, fracture pattern and the fixation material, an anatomical reduction should be
obtained in distal tibial epiphyseal fractures to reduce complications and prevent the EGA.
Keywords: Distal tibial epiphyseal fractures; epiphyseal growth arrest; fixation technique; fracture pattern.

INTRODUCTION
Ankle fractures account for approximately 5% of all fractures
in children and 15–20% of all epiphyseal injuries and are the
most common epiphyseal injury in the lower extremity.[1–4]
Ankle epiphyseal injuries are more common in males than
females and tibia fractures are most common in eight to 15
years of age, and accompanying fibular fractures are most
common between eight and 14 years.[5] Epiphyseal growth arrest (EGA), osteoarthritis, reflex sympathetic dystrophy, and

ankle joint stiffness may occur after distal tibial epiphyseal
injury. The most important complication among these is the
EGA. This complication is more frequent after Salter-Harris
type 3 and 4 fractures and often causing limb length discrepancy and angular deformities of the ankle.
In the literature, the patients treated with open reduction
and internal fixation for Salter&Harris type 3 or 4 fracture
have been shown to have an 11-fold lower risk of developing a growth problem than the patients treated with closed
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reduction.[6] Limb length discrepancy is associated with the
age of the patient and is usually between 1 and 2 cm.[7] The
present study aims to evaluate the role of trauma mechanism,
fracture pattern and fixation technique on clinical outcomes
and epiphyseal growth arrest in the surgically treated distal
tibial epiphyseal fractures. Our hypothesis is that K-wire fixation will be superior to clinical scores and EGA development
compared to cannulated screw fixation.

MATERIALS AND METHODS
This study was compiled from a retrospective review of the
medical records of 46 surgically treated patients for distal tibial epiphyseal injury between the years 2011–2017 after the
approval of local ethics committee (Bakırköy Dr. Sadi Konuk
Education and Research Hospital Ethics Committee, protocol
code: 2017/431, approval ID: 2017-18-31). A distal tibial epiphyseal injury requiring surgery, displacements greater than 2
mm, at least 1-year follow-up, and no accompanying injuries
were the inclusion criteria. Open fractures, inadequate followup duration, and conservative treatment were excluded from
this study. Twenty-seven patients (17 male and 10 female)
who met the inclusion criteria were included in this study. The
mean age was 11.9 years (between 5 and 17 years old). The
effects of trauma mechanism, fixation technique, preoperative
duration, fracture types (classification of Salter-Harris and Dias&Tachdjian) on the clinical results and EGA were examined.
All patients were evaluated clinically and radiologically at postoperative 2nd week, 6th week, 3rd month and 6th month and
then evaluated annually. AOFAS (The American Orthopedic
Foot and Ankle Score) and MOXFQ (The Manchester-Oxford
Foot Questionaire) were used for clinical evaluation. Radiological results, including EGA and fracture union, were evaluated
by an independent senior orthopedic surgeon.

Surgical Technique and Postoperative Care
All patients infused 30 mg/kg intravenous cefazoline sodium
30 min before surgery. All patients were operated under
general anesthesia in the supine position. The closed reduction under fluoroscopic guidance and minimally invasive or
percutaneous fixation which parallel to the physeal line was
performed. K-wire between 1.8 mm and 2.5 mm was used in
11 patients, and HCCS (headless conical compression screw)
with 2.5 mm diameter was used in 16 patients. The patients
were followed for two weeks postoperatively with a below
knee cast. Then, passive joint motion exercises were started
by removing the cast. Patients were allowed to full weight
bearing after radiographic fracture healing was demonstrated.

Statistical Analysis
Descriptive statistics (average, standard deviation, minimum,
median, maximum) were used to define continuous variables.
The relationship between more than two continuous variables, such as fracture classifications which were not suitable
for an independent and normal distribution was examined
by the Kruskal Wallis test. The relationship between two
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continuous variables, such as fibular fracture and trauma
mechanism, which were not suitable for normal and normal
distribution was investigated with the Mann-Whitney U test.
Chi-Square (or Fisher Exact test where appropriate) was
used to examine the relationship between categorical variables, such as EGA and fixation technique. Spearman’s rho
correlation analysis was performed for the correlation of
two continuous variables which do not conform to a normal
distribution. The statistical significance level was determined
as p<0.05. The analyses were performed using the MedCalc
Statistical Software version 12.7.7 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2013).

RESULTS
The demographic characteristics of the patients are presented in Table 1. The duration of operation of the patients
Table 1.

Descriptive characteristics of the patients

		
Age (year)

Mean±SD

Median (Min-Max)

11.9±3.2

13 (5–17)

Time to surgery

4.3±2.03

4 (1–8)

AOFAS score

86.04±9.8

85 (65–100)

MOXFQ Walking-Standing

0.23±0.1

0.21 (0.03–0.6)

MOXFQ Social interaction

0.16±0.1

0.18 (0–0.4)

MOXFQ Pain

0.18±0.1

0.15 (0–0.36)

n

%

Male

17

63

Female

10

37

		
Gender

Trauma mechanism
High energy

8

29.6

Low energy

19

70.4

K wire

11

40.7

Cannulated screw

16

59.3

Fixation method

Epiphysial growth arrest
No

19

70.4

Yes

8

29.6

No

17

63

Yes

10

37

2

8

29.6

3

14

51.9

4

5

18.5

Accompanying fibula fracture

Salter&Harris classification

AOFAS: The American Orthopedic Foot and Ankle Score; MOXFQ: The
Manchester-Oxford Foot Questionaire; SD: Standard deviation; Min: Minimum;
Max: Maximum.
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Table 2.

Functional evaluation and development of epiphyseal growth arrest according to fracture classification

Salter&Harris classification

AOFAS
MOXFQ Walking–Standing
MOXFQ Social interaction
MOXFQ Pain

Epiphyseal growth arrest
Dias&Tachdijan classification

AOFAS
MOXFQ Walking–Standing
MOXFQ Social interaction
MOXFQ Pain

Epiphyseal growth arrest

2

3

4

p

Mean±SD
Median (Min-Max)

Mean±SD
Median (Min-Max)

87.5±10.8

84.7±10.5

87 (67–98)

84.5 (65–100)

0.25±0.17

0.23±0.15

0.23 (0.03–0.6)

0.23 (0.07–0.6)

0.14±0.14

0.15±0.13

0.16 (0–0.31)

0.15 (0–0.37)

0.16±0.12

0.16±0.08

0.12 (0.05–0.35)

0.15 (0–0.3)

n (%)

n (%)

n (%)

p

3 (37.5)

3 (37.5)

2 (25.0)

0.621**

PEE

SER

SI

p

Mean±SD
Median (Min-Max)

Mean±SD
Median (Min-Max)

Mean±SD
Median (Min-Max)

86.1±5.9

89±11.9

86.4±9.9

84 (79–98)

90 (67–100)

0.3±0.1

0.2±0.2

0.3 (0.17–0.32)

0.1 (0.03–0.6)

0.2±0.1

0.1±0.1

0.2 (0–0.2)

0 (0–0.2)

0.2±0.1

0.2±0.1

0.2 (0.05–0.3)

0.1 (0.05–0.3)

n (%)

n (%)

n (%)

p

3 (37.5)

3 (37.5)

2 (25.0)

0.393**

Mean±SD
Median (Min-Max)		
87.4±6.6

0.808*

87 (80–97)		
0.23±0.1

0.935*

0.17 (0.14–0.37)		
0.23±0.14

0.489*

0.25 (0–0.4)		
0.27±0.07

0.075*

0.3 (0.2–0.36)		

0.588*

85 (65–100)		
0.2±0.1

0.109*

0.2 (0.1–0.4)		
0.2±0.1

0.097*

0.2 (0–0.4)		
0.2±0.1

0.935*

0.1 (0–0.4)		

*
Kruskal Wallis p, **Fisher’s Exact p. AOFAS: The American Orthopedic Foot and Ankle Score; MOXFQ: The Manchester-Oxford Foot Questionaire; PEE: Pronationeversion-external rotation; SER: Supination-external rotation; SI: Supination-inversion; SD: Standard deviation; Min: Minimum; Max: Maximum.

differed due to various reasons, such as additional medical
conditions and edema and blister formation after trauma.
Dias & Tachdjian and Salter Harris metods were used as
fracture classification. There was no significant difference in
AOFAS score, MOXFOQ score and EGA between subtypes
of both fracture classification (Table 2). The most important
complication of epiphyseal injury was the growth pause in
eight patients. No statistically significant difference was observed concerning clinical scores and complications according
to trauma mechanism (high-energy injury, such as traffic accident and falling from a height, low-energy injury, such as simple fall and buckling), fixation techniques (K-wire and HCCS)
and fracture patterns (p>0.05) (Table 3).

DISCUSSION
The most important finding of the present study is that difUlus Travma Acil Cerrahi Derg, May 2020, Vol. 26, No. 3

ferent fixation techniques do not affect clinical scores and
the development of EGA. Tibia distal epiphyseal injuries are
the most common type of fracture in all epiphyseal injuries.
[8]
Epiphyseal injuries are more frequent than diaphyseal fractures.[9] Tibia distal epiphyseal injuries may lead to complications, such as damage to the epiphyseal growth due to the
presence of the growth plate. The tibial epiphysial injury is
often associated with fibula fractures. Cai et al.[10] reported
that the presence of concomitant fibula fracture increased
EGA risk for Salter-Harris type 3 and type 4. Contrary to
this study, it was determined that the presence of fibula injury did not cause a significant effect on the AOFAS and
MOXFQ scores or on the risk of EGA in our study. This
finding can be explained by anatomic reduction and percutaneous fixation that was performed for all patients with fibula
fractures.
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Table 3.

Comparison of postoperative 1st year functional outcomes and epiphyseal growth arrest according to fixation technique.
trauma mechanism and presence of fibula fracture

Fixation technique

AOFAS

K wire

Cannulated screw

Mean±SD
Median (Min-Max)

Mean±SD
Median (Min-Max)

84.4±11.4

87.2±8.7

84 (65–100)
MOXFQ Walking–Standing

0.25±0.17
0.25 (0.03–0.6)

MOXFQ Social interaction

0.17±0.14
0.25 (0–0.37)

MOXFQ Pain

Epiphyseal growth arrest

p

0.512*

87.5 (67–100)		
0.23±0.13

0.753*

0.21 (0.07–0.6)		
0.16±0.13

0.716*

0.18 (0–0.4)		

0.17±0.09

0.19±0.11

0.577*

0.15 (0.05–0.3)

0.2 (0–0.36)

n (%)

n (%)

p

2 (25.0)

6 (75.0)

0.405**

			
Fibula fracture
No
Yes
p
Mean±SD
Median (Min-Max)
AOFAS

85.8±9.9
85 (65–100)

MOXFQ Walking–Standing

0.24±0.1
0.21 (0.07–0.6)

MOXFQ Social interaction

0.17±0.13
0.18 (0–0.4)

MOXFQ Pain

Epiphyseal growth arrest
Trauma mechanism

0.505*

0.23 (0.03–0.6)		
0.16±0.15

0.863*

0.18 (0–0.37)		

n (%)

n (%)

p

3 (37.5)

5 (62.5)

0.102**

High energy

Low energy

p

82.4±11.9
0.29±0.16
0.24±0.12
0.23±0.09
0.25 (0.05–0.35)

Epiphyseal growth arrest

0.22±0.16

0.15 (0.05–0.35)

0.25 (0–0.37)
MOXFQ Pain

85 (68–100)		

0.2 (0–0.36)

0.28 (0.07–0.6)
MOXFQ Social interaction

1.00*

0.18±0.1

82.5 (65–98)
MOXFQ Walking–Standing

86.4±10.06

0.18±0.09

Mean±SD
Median (Min-Max)
AOFAS

Mean±SD
Median (Min-Max)		

0.980*

Mean±SD
Median (Min-Max)		
87.6±8.6

0.238*

87 (67–100)		
0.21±0.13

0.132*

0.17 (0.03–0.6)		
0.13±0.13

0.058*

0.12 (0–0.4)		
0.16±0.09

0.095*

0.15 (0–0.36)		

n (%)

n (%)

p

3 (37.5)

5 (62.5)

0.658**

*Mann-Whitney U, **Fisher’s Exact p. AOFAS: The American Orthopedic Foot and Ankle Score; MOXFQ: The Manchester-Oxford Foot Questionaire. SD: Standard
deviation; Min: Minimum; Max: Maximum.
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Some authors have suggested that the arrest of growth arise
from epiphyseal trauma at the time of injury.[11] It has been
reported in the literature that growth plate problems are
more frequent after Salter-Harris type 3–4 injuries.[12,13] The
most important complication of epiphyseal injury, EGA, was
29.6% (eight patients) in the present study. Although SalterHarris type 3 and 4 fractures were moderately worse than
type 2 fractures in accordance with the literature, no statistically significant difference was observed concerning EGA
in the present study. Dias and Tachdjian[14] noted that the
most common type of injury was the supination inversion
type injury. On the other hand, Rohmiller et al.[15] reported
that there was a relationship between the injury mechanism
and EGA and that they observed 35% EGA, especially after
supination-external rotation injury. In the present study, the
most common injury mechanism was supination-inversion
and the rate of EGA in patients with supination-external rotation injury was 42%. No difference was observed between
the Dias & Tachdjian fracture types concerning EGA rate.
Taşkıran et al.[16] performed the first study that the AOFAS
scoring system was used as a quantitative data in children
with tibial distal growth plate fractures. The AOFAS score for
their study was 86.6. In another study, Çiçekli et al.[17] used
the AOFAS score and recorded an average AOFAS score of
96. In the present study, the mean AOFAS score was 86.04,
in accordance with the literature. To our knowledge, this is
the first study in the literature that has used the MOXFQ
score in children with tibial distal growth plate fractures. In
the MOXFQ scoring system, the results range from 0 to 1
and functional results are improved when approaching 0. The
three parameters of this scoring system, walking/standing,
pain, and social interaction, had mean values of 0.23, 0.18,
0.16, respectively in the present study. Although the pain of
the operated extremity increased with movement and walking, the functional results were good. Also, no statistically
significant difference was found between mean AOFAS and
mean MOXFQ scores when the patients were grouped according to Dias & Tachdjian classification and Salter-Harris
classification. In the present study, there were no statistically significant differences in the comparison of AOFAS and
MOXFQ scores in eight patients diagnosed with epiphysiolysis after high-energy trauma and 19 patients diagnosed with
the low-energy injury. Leary et al.[18] reported that high-energy trauma increased the risk of EGA compared to low-energy trauma or sports injuries. In the present study, there was
no increase in the risk of EGA in high-energy trauma patients
with no difference in clinical outcomes.
Özkul et al. also reported that high-energy trauma did not
increase the risk of EGA. We think that anatomic reduction
has a positive effect on functional outcome even in cases of
high energy injury. It was determined that preoperative hospitalization time did not affect the EGA risk. Also, no significant
relationship was found between preoperative hospitalization
time and AOFAS and MOXFQ scores.
[19]
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Different types of implants have been used for fixation of epiphyseal fractures. In previous studies, K wires, tension band,
metallic screws and bioabsorbable screws were used for fixation.[20–23] A biomechanical study showed that metallic screw
fixation in the distal tibia significantly changed the intraarticular pressure in the ankle joint.[24] Cottalorda suggested an epiphyseal lag screw in the spongiform bone to provide anatomic
reduction and better compression of the fracture line, stating
that the reduction and compression were better with screws
than with K wires.[25] Çicekli et al.[17] compared cannulated
screws with headless cannulated screws in the treatment of
distal tibial epiphyseal fractures but found no difference in
clinical healing outcomes or complication rates. In the series
where plain thin K-wires were used, there were less growth
plate problems compared to the series made with other fixation materials.[16] In our patients, K wires or cannulated screws
were used as the fixation material after anatomic reduction
under the fluoroscopic guidance. In our study, a cannulated
screw was preferred for anatomic fixation and compression
of the fracture line in Salter-Harris Type 3 fractures. There
was no statistically significant relationship between the type
of fixation and clinical outcome and complication rate. This
statistical determination refuted our hypothesis, which can be
explained with that the patients are operated on in a short
time and soft tissue problems are reduced. Thus, the fractures
can be easily reduced with closed anatomic reduction maneuver. Also, K-wire is theoretically less damaging to the physeal
region due to its smaller diameter and its application without
drilling. This has a positive effect on clinical scores and may
reduce the risk of EGA. In our study, it was thought that there
was no significant difference in clinical scores and EGA due to
the close diameters of K-wire and HCCS used as fixation material. Small the number of patients, retrospective design and
short follow-up time are the limitations of the present study.
In conclusion, EGA and clinical scores did not differ significantly concerning trauma mechanism, fracture pattern and fixation material in our study. Therefore, regardless of the trauma
mechanism, fracture pattern, and fixation material, anatomic
reduction is critical in distal tibial epiphyseal fractures to reduce
complications and prevent EGA. Different fixation techniques
may not affect clinical scores and the development of EGA.
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Distal tibial epifizyolizin cerrahi tedavisinde travma mekanizması, kırık paterni ve
fiksasyon tekniğinin klinik sonuçlar ve epifiz büyümesinin durması üzerine etkisi
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AMAÇ: Distal tibial epifiz kırıkları, epifiz büyüme plağına zarar verir. Distal tibial epifiz yaralanmasından sonra epifiz büyümesi durması (EBD), osteoartrit, refleks sempatik distrofi ve ayak bileği eklemi sertliği de görülebilir. Bu çalışmanın amacı, cerrahi olarak tedavi edilen distal tibial epifiz kırıklarında travma mekanizması, kırık paterni ve fiksasyon tekniğinin klinik sonuçlar ve EBD üzerindeki etkisini değerlendirmektir.
GEREÇ VE YÖNTEM: 2011–2017 yılları arasında distal tibial epifiz kırığı nedeniyle opere edilen 27 hasta geriye dönük olarak değerlendirildi. Travma
mekanizması, fiksasyon tekniği, ameliyat öncesi süre, kırık tipinin klinik sonuçlar ve EBD üzerine etkileri incelendi. Klinik sonuçlar AOFAS (Amerikan
Ortopedik Ayak ve Ayak Bileği Skoru) ve MOXFQ (Manchester-Oxford Ayak Anketi) skorları ile değerlendirildi.
BULGULAR: Çalışmaya alınan 27 hastanın 17’si erkek, 10’u kadındı. Hastaların yaş ortalaması 11.9 idi (dağılım 5–17 yaş). Epifizyal hasarın en önemli
komplikasyonu sekiz hastada büyüme duraklamasıydı. Travma mekanizması, fiksasyon teknikleri ve kırık paternine göre klinik skorlar ve komplikasyonlar açısından istatistiksel olarak anlamlı bir fark gözlenmedi (p>0.05).
TARTIŞMA: Travma mekanizması, kırık paterni ve fiksasyon materyali ne olursa olsun, distal tibial epifiz kırıklarında komplikasyonları azaltmak ve
EBD’yi önlemek için anatomik bir redüksiyon elde edilmelidir.
Anahtar sözcükler: Distal tibial epifiz kırıkları; epifiz büyümesi duraksaması; fiksasyon tekniği; kırık paterni.
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