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Stapling for tibial-growth deformity 
A case report on roentgen stereophotogrammetric analysis 

Birger Bylander', Gunnar Hagglund' and Goran Selvik2 

A9-year-old boy sustained a Salter-Harris Type IV fracture in the proximal tibia. The 
injury resulted in a progressive valgus deformity, detected already after 3 months by 
roentgen stereophotogrammetry. After temporary stapling medially, the growth rate 
increased laterally and the deformity was corrected. Unilateral stapling is an altema- 
tive procedure for correcting angular deformity following a physeal injury. 

The identification ofacondensedareaoradefect in the 
growth region by standard radiographs and tomogra- 
phy has been interpreted as a bony bridge between the 
metaphysis and bony epiphysis (Ford and Key 1956, 
Rang 1969, Langenskiold 1975). Previous studies 
have been contradictory regarding continuous growth 
capacity after this finding (Campbell et al. 1959, John- 
son and Southwick 1960, Nordentoft 1969). 

Using roentgen stereophotogrammetry, we fol- 
lowed the growth of the proximal tibia in a 9-year-old 
boy after a Salter Hams Type IV fracture. He was fol- 
lowed for 6 years until completion of growth. 

Case report 
A boy, aged 8 years and 8 months, was run over by a 
tractor and sustained a Salter Harris Type IV fracture 
through the lateral part of the proximal growth plate in 
thelefttibia(Figure 1) andafracturethroughtheproxi- 
ma1 fibular metaphysis. The tibia1 fracture was re- 
duced and fixed with a pin. After 5 weeks, the pin was 
extracted and 0.5-mm tantalum balls were inserted in 
the proximal tibia bilaterally. At least three balls were 
inserted on each side of the injured growth plate, per- 
mitting measurement of the three-dimensional growth 
(Selvik 1974). The boy was then followed with roent- 
gen stereophotogrammetric examinations until com- 
pletion of growth. The error of the longitudinal growth 
calculations is about 30 pn and that of the three-di- 
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mensional calculations about 0.2"(Selvik 1974, Aron- 
son 1976). 

After 3 months, a progressive valgus deformity was 
evident by the roentgen stereophotogrammetric analy- 
sis. Further measurements also revealed an increasing 
antecurvation and outward torsion (Figures 2 and 3). 
The standard radiographs showed a condensed area in 
the lateral part of the injured growth plate, indicating a 
bony bridge or an osseofibrous connection between the 
bony epiphysis and metaphysis. The roentgen stereo- 
photogrammetric analysis showed a continuous de- 
crease in the growth rate as compared with the right 
proximal tibia. The decrease was more pronounced 
laterally. 

After 19 months, staples were inserted medially 
over the growth plate. The boy was allowed immediate 
full weight bearing. 

Further examinations showed that the progression 
of valgus and antecurvation deformity was interrupted 
and reversed. The growth rate over the lateral part of 
the left growth plate increased after the stapling from 7 
pn/day to2&30p/day, similar to the right knee. The 
growth rate over the medial part of the left growth plate 
decreased after stapling to less than 5 pntday, but with 
time increased to 10-12 pn/day. This corresponded to 
a widening of the staples. Standard radiographs 1 year 
after the stapling showed the condensed area displaced 
in the metaphyseal direction. 

Twenty-one months after the stapling, as a sign of 
overcorrection, a varus and retroversion were seen 
(Figure 3). Nine months later, the staples were ex- 
tracted. After the extraction, the growth rate was simi- 
lar on both sides of the growth plate. Completion of 
growth occurred simultaneously in both knees at 15 
years of age and resulted in clinically straight legs. 
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Immediately after the injury. After open reduction and fixation. Twelve months after injury, showing the 

lateral defect and the valgus deformity. 

Nineteen months after injury, showing 
the staples rnedially. 

Figure 1. A 9-year-old boy with a Salter Harris Type IV fracture in his left knee. 

Thirty-one months after injury, showing 
the corrected angulation. 

After completion of growth 

Discussion 

The radiographic sign of a bony bridge or an osseofi- 
brous connection in the growth region after a physeal 
injury indicates a growth disturbance. However, from 
clinical and routine radiographic examinations, it is 
difficult to predict the future development. Several at- 
tempts have been made to classify physeal fractures in 
order to predict growth disturbances (Bergenfeldt 
1933, Salter and Harris 1963, Aitken 1965, Tachdjian 
1972). The classifications are similar, and the prognos- 
tic validity is mainly based on animal experiments. The 
prognostic value of the classification system of Salter 
and Harris has been questioned (Lombardo and Har- 
vey 1977, Ogden 1981). The roentgen stereophoto- 
grammetric analysis permits accurate determination 

of longitudinal growth and rotational movements over 
short periods, making prediction possible and facilitat- 
ing early treatment of deformities (Aronson 1976, Sel- 
vik 1974, Bylander et al. 1981). 

Many methods to treat angular deformity afterphy- 
seal injuries have been described. Surgical procedures 
such as the Langenskiold (1 967,1975) operation, dis- 
traction physiolysis (Monticelli and Spinelli 198 I ) ,  
osteotomies (Rang 1969, Tachdjian 1972), and sta- 
pling (Blount 1971) have been described. Spontane- 
ous correction may occur, but it is not common (Chad- 
wick 1982). 

After Salter Harris Type IV injuries, a growth distur- 
bance, often with radiographic signs of a bony bridge, 
is aregular finding (Salter and Harris 1963, Lombardo 
and Harvey 1977, Bylander et al. 1981). In our case an 
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Figure 2. Longitudinal growth of the left (top) and the right 
(bottom) proximal tibia. S stapling, E extraction of staples, --- 
lateral pad of left knee, and - medial part of left knee. 

area of condensed bone was seen. However, growth 
was recorded by roentgen stereophotogrammetry dur- 
ing the entire investigative period, indicating that the 
defect was osseofibrous rather than a bony bridge be- 
tween the bony epiphysis and metaphysis. 

The evidence of continued growth laterally was 

References 
Aitken A P. Fractures of the proximal tibial epiphysial 

cartilage. Clin Orthop 1965;41:92-7. 
Aronson A S. X-ray stereophotogrammetry of longitudinal 

bone growth. Thesis. University of Lund, Sweden 1976. 
Bergenfeldt E. Beitrage zur Kenntnis der traumatischen 

Epihysenlosungen an den langen Rohrenknochen der 
Extremitaten. ActaChir Scand 1933;73(Suppl28): 1-422. 

Blount W P. A mature look at epiphyseal stapling. Clin 
Orthop 197 1;(77):158-63. 

Bylander B, Aronson S, Egund N, Hansson L I, Selvik G. 
Growth disturbance after physial injury of distal femur 
and proximal tibia studied by roentgen-stereophoto- 
grammetry. Arch Orthop Trauma Surg 1981;98(3): 
225-35. 

Vaigus, anleversion and outwards roiation 
Degrees 

- 4  4 
- 8  J 

s E 
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the basis for the decision to insert medial staples in this 
patient. The staples compressed the medial physis and 
thereby reduced the medial growth. Then, the intact 
growth plate surrounding the osseofibrous defect 
could distend the defect exerting greater force than be- 
fore, resulting in increased lateral growth. After the 
stapling procedure, the area of condensed bone ap- 
peared to gradually move distally. This was the result 
of continued growth proximally and probable regener- 
ation of the growth plate in the earlier defect. 

We conclude that unilateral stapling may correct an- 
gular deformities after physeal injuries with partial 
growth disturbance. 
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