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Abstract

Purpose This study investigated the initial angular deformity 
of proximal tibial metaphyseal fracture in children and its re-
covery during follow-up according to the cause of injury.

Methods Prospective data about the patients with a proximal 
tibial metaphyseal fracture at the age less than six years and 
available follow-up data at two years post-trauma were retro-
spectively reviewed. They were grouped into trampoline-re-
lated injuries (TRI) and non-TRI groups based on the cause 
of injury. Proximal tibial valgus and recurvatum angles were 
measured to assess angular deformity on the coronal and 
sagittal planes, respectively. 

Results A total of 47 patients (33 TRI and 14 non-TRI) were 
included. Initially, the valgus angles were -1.5° in TRI and 
1.6° in non-TRI groups (p < 0.001) and the recurvatum angles 
were 7.8° in TRI and 4.1° in non-TRI groups (p = 0.048). After 
two-year follow-up, the valgus angles were 0.2° in TRI and 
0.9° in non-TRI groups (p = 0.070), and the recurvatum an-
gles were 6.5° in TRI and 2.3° in non-TRI groups (p = 0.001). 

Conclusion For children with a proximal tibial metaphyseal 
fracture, the initial coronal deformity was different according 
to the injury cause (varus in TRI whereas valgus in non-TRI). 
Although there was a near complete recovery after approxi-
mately two years of follow-up in the coronal deformities, the 
sagittal deformity (genu recurvatum) seems to recover in-
completely or tardily, especially for those caused by TRI.
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Introduction
Proximal tibial metaphyseal fracture was relatively rare in 
1980s, but with the recent popularization of trampoline 
activities, its incidence as one of trampoline-related inju-
ries (TRIs) has increased, especially among children aged 
under six years.1-6 Some studies have reported that proxi-
mal tibial metaphyseal fracture has a risk of post-traumatic 
valgus deformity.7,8 However, it is currently suggested 
that the degree of valgus deformity would be minimal or 
absent in patients with proximal metaphyseal fracture by 
TRI.2,9 Therefore, this underscores the need to investigate 
the fractures separately based on the cause of injury (TRI 
versus non-TRI).

The excessive axial compressive force during landing 
on the mat is a well-known injury mechanism of TRI.3,10 
Several studies on proximal tibial metaphyseal fractures 
as a type of TRIs have reported characteristic radiologi-
cal findings that involve the anterior cortex due to axial 
loading on the hyperextended knee, such as buckling of 
the anterior apophysis of the tibia and anterior tilt of the 
proximal tibial epiphyseal plate.9,11,12 Despite reports stat-
ing that recurvatum deformity is one of the important fea-
tures of proximal tibial metaphyseal fracture due to TRI, 
there has been a paucity of follow-up studies on sagittal 
deformity, unlike coronal deformity.

Under the hypothesis that the initial presentation and 
the change of the deformity during the follow-up would 
be different according to the cause of injury, we inves-
tigated the clinico-radiological characteristics of paedi-
atric proximal tibial metaphyseal fractures. During the 
investigation, the patients were divided into two groups 
according to the injury cause (TRI versus non-TRI), and the 
deformities were investigated separately by coronal and 
sagittal planes.
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Patients and methods
Patient selection

This study was approved by the institutional review board 
of our institute. Since 2015 at our institution we have 
prospectively acquired data from the patients who are 
diagnosed with proximal tibial metaphyseal fracture and 
treated according to our protocol (see next section). The 
patients in our datasets who registered from 1 January 
2015 to 31 December 2017 were retrospectively reviewed. 
Inclusion criteria were patients being less than six years 
of age at the time of the diagnosis, having no underlying 
disease that may affect the musculoskeletal system and 
being able to walk well before the occurrence of the frac-
ture. Among the 59 children who met the eligibility crite-
ria, those who needed surgical treatment at diagnosis (n = 
4), had bilateral tibial fractures whether simultaneously or 
subsequently (n = 2) and had no available post-traumatic 
follow-up data taken within three months post-trauma and 
at around 24 months (21 to 27 months) post-trauma (n = 6) 
were excluded. Finally, 47 children were included for anal-
ysis. Their demographic data are shown in Table 1. Among 
these patients, there were no patients with open fracture or 
with neurovascular compromise. They were grouped into 
TRI and non-TRI groups according to the cause of injury. 
The patients whose injury occurred not during trampolin-
ing (e.g. a patient tripped and fell during climbing up a 
trampoline) were placed in the non-TRI group.

Treatment and follow-up protocol for the children with proxi-
mal tibial metaphyseal fracture

The conservative treatment and follow-up protocol for 
the patients with a proximal tibial metaphyseal fracture 
was as follows. At the initial work-up, anteroposterior 
(AP) and lateral views of simple radiographs for both 
knees and lower legs were obtained. Comorbid medical 
conditions were also evaluated. General indications for 

surgical treatment were as follows: 1) open fracture; 2) 
fracture with suspicion of neurovascular compromise; 
and 3) severely displaced fracture even after trial of closed 
reduction (angulation > 15° to 20° and/or displacement 
> 50%). If conservative treatment was the clinical option, 
three to five weeks of immobilization by long leg cast was 
applied. Subsequently, rehabilitation was begun, and the 
patients were allowed to gradually return to their previous 
activity level. After recovery, the patients were followed 
post-traumatically at three, six, 12 and 24 months. Full-
length standing AP radiographs of both lower extremi-
ties with the patella facing forward (teleradiograms) and 
scanograms centred at the hip, knee and ankle with a radi-
opaque ruler were taken at every visit as well as AP and 
lateral views of both knees and lower legs.

Radiographic measurements

Simple radiographs of lower legs obtained within three 
months post-trauma (which were regarded as ‘initial’ 
radiographs) and at around 24 months post-trauma 
(between 21 and 27 months post-trauma, which were 
regarded as ‘last’ radiographs) were used for analysis of 
angular deformity. To assess coronal deformity, the prox-
imal tibial valgus angle measured by the angle between 
the proximal tibial physis and tibial shaft on the AP view 
of lower leg radiographs were used. The measured angles 
were compared with those of the contralateral uninjured 
side to indicate ‘valgus angle’. If a patient presented 
with valgus deformity compared with the contralateral 
uninjured side, a positive value was assigned. For the 
young children with ambiguous straight physeal plate, 
the metaphyseal-diaphyseal angles were used. To assess 
sagittal deformity, anterior tilt angles of the proximal 
tibial physis were measured on lateral view of lower leg 
radiographs. The proximal line of the angle was defined 
by drawing a tangent between the dorsal- and mid-point 
of the physis,13 and the angle between the proximal tibial 
physis and tibial anterior cortical shaft was measured. The 
measured angles were compared with those of the con-
tralateral uninjured side to indicate ‘recurvatum angle’. If 
a patient presented with recurvatum deformity compared 
with the contralateral uninjured side, a positive value 
was assigned (Fig. 1). Therefore, four angles (initial val-
gus, last valgus, initial recurvatum and last recurvatum 
angles) were measured to evaluate the angular deformity 
in each participant. To test the interobserver reliability 
for the assessment of the valgus and recurvatum angles, 
two observers (JYJ and MSK) performed assessments in 
20 randomly selected patients. The interobserver reliabil-
ities of the measurements were evaluated using intraclass 
correlation coefficients, and those were > 0.8, represent-
ing satisfactory agreement. Thus, measurements taken 
by a single investigator (MSK) were used in the analyses. 

Table 1 Demographic data of the children

Characteristics Number (%)/mean (sd; range)

Sex
  Male 25 (53.2)
  Female 22 (46.8)
Laterality
  Right 15 (31.9)
  Left 32 (68.1)
Injury type
  TRI 33 (70.2)
  Non-TRI 14 (29.8)
Physeal involvement
  Yes 13 (27.7)
  No 34 (72.3)
Fracture type
  Complete 13 (27.7)
  Incomplete 34 (72.3)
Age, yrs 3.2 (1.1; 1.4 to 5.8)
BMI, kg/m2 15.8 (1.1; 13.4 to 18.4)

TRI, trampoline-related injury; BMI, body mass index
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The leg-length discrepancy (LLD) was measured on the 
scanograms, which were obtained at around 24 months 
(21 to 27 months) post-trauma. If the injured leg was lon-
ger than the contralateral uninjured side, a positive value 
was assigned. In addition, the presence of proximal tib-
ial physeal involvement of fracture line and fracture type 
according to the presence of complete cortical breakage 
(complete or incomplete) was recorded. 

Investigated variables

Besides radiographic measurements, demographic data 
(age, sex, body mass index (BMI)), and presence of any 
complication during the follow-ups were investigated. 

Statistical analysis

The significance of the differences between means was cal-
culated by using the independent t-test. The significance 
of the differences between frequencies was calculated 
by using the chi-squared test. The effect of each variable 
on residual deformity at the final follow-up was analyzed 
using linear logistic regression analysis. To eliminate con-
founders among the variables, multivariate analysis (step-
wise method) was performed with all the variables to 
exclude confounders. The p-values that were < 0.05 were 
considered to indicate statistical significance. All statistical 
analyses were performed using the SPSS software (version 
21; IBM Co., Armonk, New York).

Results
None among the included patients underwent surgery or 
showed any significant complications such as nonunion, 
limit of movement and neurovascular problems during 
the follow-up period. At the final follow-up, there were no 
subjective complaints from the patients and their parents 
of any gross deformity. There was no subjective discom-
fort of the patients or their parents even when the knee 
was hyperextended on physical examination.

Comparisons between the TRI and non-TRI groups

The comparisons between the TRI and non-TRI groups 
are presented in Table 2. Initially, although the non-TRI 
group presented with valgus deformity, the TRI group 
presented with varus deformity (mean initial valgus angle 
−1.5° (sd 2.0°) (TRI) versus 1.6° (sd 1.7°) (non-TRI); p < 
0.001) and more recurvatum deformity than the non-TRI 
group (mean initial recurvatum angle 7.8° (sd 3.0°) (TRI) 
versus 4.1° (sd 6.1°) (non-TRI); p = 0.048). After around 
two years of follow-up, both groups presented nearly a 
complete recovery of their coronal deformities (mean last 
valgus angle 0.2° (sd 1.2°) (TRI) versus 0.9° (sd 0.9°) (non-
TRI); p = 0.070), but their sagittal deformity remained, 
especially for those in the TRI group (mean last recurva-
tum angle 6.5° (sd 3.6°) (TRI) versus 2.3° (sd 3.6°) (non-
TRI); p = 0.001) (Fig. 2).

Fig. 1 A one-year and ten-month-old boy was diagnosed with a left proximal tibial metaphyseal fracture that occurred after falling 
on the trampoline. These simple radiographs of both lower legs were taken at the day of trauma, hence, were regarded as ‘initial’ 
radiographs because they were taken within three months of the post-traumatic period: a) on the anteroposterior radiograph, the 
initial valgus angle was measured as −4°, signifying varus deformity of the left proximal tibia; b) on the lateral radiograph, the initial 
recurvatum angle was measured as 7°, signifying recurvatum deformity of left proximal tibia.
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Table 2 Comparisons between the trampoline-related injury (TRI) and non-TRI groups

Characteristics TRI (n = 33) Non-TRI (n = 14) p-value (independent t-test or chi squared test)

Sex, n (%) 0.775
  Male 18 (54.5) 7 (50.0)
  Female 15 (45.5) 7 (50.0)
Laterality, n (%) 0.295
  Right 9 (27.3) 6 (42.9)
  Left 24 (72.7) 8 (57.1)
Physeal involvement, n (%) 1.000
  Yes 9 (27.3) 4 (28.6)
  No 24 (72.7) 10 (71.4)
Fracture type, n (%) 0.726
  Complete 10 (30.3) 3 (21.4)
  Incomplete 23 (69.7) 11 (78.6)
Mean age, yrs (sd) 3.3 (1.1) 3.1 (1.1) 0.606
Mean BMI, kg/m2 (sd) 15.8 (1.1) 15.8 (1.3) 0.935
Mean initial valgus angle, ° (sd; range) −1.5 (2.0; −5 to 3) 1.6 (1.7; −3 to 3) < 0.001*

Mean last valgus angle, ° (sd; range) 0.2 (1.2; −1 to 3) 0.9 (0.9; −1 to 2) 0.070
Mean initial recurvatum angle, ° (sd; range) 7.8 (3.0; 3 to 14) 4.1 (6.1; −10 to 10) 0.048*

Meal last recurvatum angle, ° (sd; range) 6.5 (3.6; −2 to 13) 2.3 (3.6; −3 to 12) 0.001*

Mean final LLD, mm** (sd; range) 3.3 (3.5; −5 to 8) 1.9 (3.5; −5 to 6) 0.201

*p < 0.05
**the positive value means that the injured leg was longer than the opposite uninjured leg at the final follow-up
BMI, body mass index; LLD, leg-length discrepancy

Fig. 2 A one-year and ten-month-old boy was diagnosed to have a left proximal tibial metaphyseal fracture for his pain that occurred 
after falling on the trampoline (the same patient presented in the Fig. 1). Simple radiographs were taken at two years and two months 
post-trauma and, therefore, were regarded as ‘last radiographs’: a) on the anteroposterior radiograph, the last valgus angle was 
measured as 0° (because the angle was same with the contralateral side), signifying complete recovery of coronal angular deformity; 
b) on the lateral radiograph, the last recurvatum angle was measured as 7°, signifying little recovery of the sagittal angular deformity 
after two years of follow-up; c) at around two years post-trauma he and his parent did not recognize any residual deformity. However, 
on physical examination, he showed about 5° of left knee hyperextension compared with his right knee.
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Predisposing factors for residual angular deformity

The univariate and multivariate results of linear logistic 
regression analysis on the residual valgus and recurvatum 
deformities at the final follow-up are presented in Tables 
3 and 4. The initial valgus angle and BMI were significant 
predisposing factors for residual valgus angle at the final 
follow-up (Table 3). Male sex, an injury type of TRI and a 
large initial recurvatum angle were significant predispos-
ing factors for incomplete recovery of recurvatum defor-
mity (Table 4).

Discussion
Although there were no significant differences in the 
demographic characteristics between the TRI and non-TRI 

groups, the angular deformities at the initial  presentation 
and their recovery were significantly different between 
both groups. Because the paediatric legs have radiographic 
angles with wider than normal ranges, we compared the 
angles of the injured side with the contralateral uninjured 
side to measure the relative degrees of deformity. Initially 
on the coronal plane, the non-TRI group tended to present 
with tibial valgus deformity, but the TRI group tended to 
present with varus deformity. On the sagittal plane, both 
groups presented with recurvatum deformity, but the 
TRI group showed more severe deformity than the non-
TRI group. After about two years of follow-up, the coro-
nal deformities showed a near complete recovery in both 
groups, whereas the sagittal deformities showed a partial 
recovery (Table 2). Although the initial valgus angle and 
BMI were independent significant predisposing factors for 

Table 3 The results of linear regression analyses of predisposing factors for residual valgus deformity at the final follow-up

Univariate analysis Multivariate analysis (stepwise)

Characteristics B (95% CI)* p-value B (95% CI)* p-value

Age, yrs −0.155 (−0.460 to 0.149) 0.310
Sex 0.625
  Male vs female 0.162 (−0.501 to 0.825)
Laterality 0.259
  Right vs left −0.398 (−1.099 to 0.303)
Injury type 0.070
  TRI vs non-TRI −0.645 (−1.344 to 0.054)
BMI (kg/m2)** 0.279 (−0.005 to 0.563) 0.054 0.344 (0.091 to 0.597) 0.009
Physeal involvement 0.048
  Yes vs no 0.717 (0.008 to 1.426)
Fracture type 0.616
  Complete vs incomplete 0.186 (−0.554 to 0.925)
Initial valgus angle, °** 0.199 (0.072 to 0.325) 0.003 0.221 (0.102 to 0.341) 0.001
Initial recurvatum angle, ° 0.026 (−0.049 to 0.101) 0.494

*for the binary form ‘characteristics α vs ß’, B is positive if characteristic α is more positively related to the dependent variable than characteristic ß, likewise 
negative if more negatively related
**characteristics with p-value of < 0.05 on the multivariate analysis
CI, confidence interval; TRI, trampoline-related injury; BMI, body mass index

Table 4 The results of linear regression analyses of predisposing factors for residual recurvatum deformity at the final follow-up

Univariate analysis Multivariate analysis (stepwise)

Characteristics B (95% CI)* p-value B (95% CI)* p-value

Age, yrs 1.044 (−0.039 to 2.127) 0.058
Sex** 　 0.007 0.004
  Male vs female 3.135 (0.895 to 5.374) 2.422 (0.826 to 4.018)
Laterality 0.587
  Right vs left −0.704 (−3.296 to 1.887)
Injury type** 0.001 0.019
  TRI vs non-TRI 4.169 (1.833 to 6.505) 2.251 (0.385 to 4.117)
BMI, kg/m2 0.808 (−0.247 to 1.862) 0.130
Physeal involvement 0.708
  Yes vs no −0.507 (−3.212 to 2.198)
Fracture type 0.018
  Complete vs incomplete 3.109 (0.565 to 5.652)
Initial valgus angle, ° −0.536 (−1.022 to −0.049) 0.032
Initial recurvatum angle, °** 0.622 (0.418 to 0.826) < 0.001 0.492 (0.295 to 0.688) < 0.001

*for the binary form ‘characteristics α vs ß’, B is positive if characteristic α is more positively related to the dependent variable than characteristic ß, likewise 
negative if more negatively related
**characteristics with p-value of < 0.05 on the multivariate analysis
CI, confidence interval; TRI, trampoline-related injury; BMI, body mass index
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the last valgus angle, only few patients showed residual 
coronal deformity (Table 3). The injury type of TRI, as well 
as male sex and a larger initial recurvatum angle were inde-
pendent significant predisposing factors for residual recur-
vatum deformity in the multivariate analyses (Table 4).

Angular deformities on the coronal plane

Previously, the incidence of proximal tibial metaphyseal 
fractures was rare, but has increased as the trampoline 
has become more popular.4-6 However, the proximal tib-
ial metaphyseal fracture caused by TRI differs from that 
of non-TRI in both the initial angular deformities and the 
patient’s recovery. In the past, proximal tibial metaphy-
seal fractures were reported to have clinical importance 
because of the possibility of tibial valgus deformity after 
trauma,7,14 and angular deformity might progress after 
bone union.15 Although the precise pathogenesis of val-
gus deformity is not fully understood, there have been 
several proposed hypotheses, including iliotibial band 
or fibular tethering effect,7 unbalanced blood supply 
between the medial and lateral cortices,8,16-18 and entrap-
ment of periosteum to the fracture gap.19 Incomplete frac-
ture that involves either medial or lateral cortex may cause 
not only initial varus/valgus deformity but also aggrava-
tion of deformity caused by the overgrowth of involved 
cortex due to increased blood supply.18,20 In the present 
study, however, although further analysis on the issue was 
conducted, we failed to find any statistical significance 
(data not shown). Considering that there were 34 patients 
with incomplete fracture, a study with a larger sample size 
might be needed to obtain statistical significance. How-
ever, since the first study in 1986 reported seven patients 
with trampoline fracture of the proximal tibia in children 
without valgus angulation, the concept has evolved such 
that valgus progression does not occur in trampoline-as-
sociated fractures.2,3 The authors of previous studies sug-
gested that the little risk associated with valgus deformity 
was due to a relatively weak injury force in TRI meaning 
that the injury would not progress to valgus deformity.2 
However, in the present study, the angular deformities on 
the coronal plane were different even at the initial presen-
tation according to the type of injury, that is, varus in TRI 
and valgus in non-TRI. On this note, we believe that the 
non-progression to valgus knee in TRI is not a result of 
a weak injury force but because of differences in injury 
mechanisms. In concordance with the present results, 
varus force during trampoline injury has been suggested 
as a possible mechanism of injury.9

Angular deformities on the sagittal plane

The well-known main injury mechanism in TRI is axial com-
pression force on the hyperextended knee.3,12,21 For this 
reason, anterior tilting of proximal tibial epiphysis and/or 

buckling of the anterior cortex are regarded as one of the 
important radiological findings in trampoline fractures.9,11 
Despite these findings, little research has been done on the 
recurvatum deformity and its recovery. The present results 
show that there were recurvatum deformity in both TRI 
and non-TRI groups at the initial presentation; and it was 
more severe and showed incomplete recovery after two 
years of follow-up in the TRI group. However, considering 
that no patients or their parents had subjective complaints 
about gross deformity at the last follow-up, such a residual 
recurvatum deformity might not have much clinical signif-
icance. Further studies are needed to evaluate its clinical 
importance and longer-term results to indicate whether it 
will recover after extended follow-up or not.

Recovery of deformities on the coronal plane

Recovery of deformity in the plane concordant with joint 
movement after post-traumatic fracture is generally faster 
than recovery in other planes.22 In the present study, cor-
onal deformity recovered faster than sagittal deformity, 
which may be difficult to understand given that knee 
movement mainly occurs along the sagittal plane. How-
ever, the coronal alignment of legs in children less than 
six years of age spontaneously changed from genu varum 
to genu valgum, and back to normal alignment.23,24 This 
spontaneous change of coronal alignment may partly 
explain the faster recovery of coronal deformity. In the 
multivariate analysis, a higher BMI was associated with a 
larger valgus angle at the final follow-up. Higher BMI was 
reported to be associated with more tibial valgum.25 How-
ever, this cannot be completely explained because the val-
gus angle in our study was a relative angle compared with 
the uninjured side. Interestingly, a previous study about 
the rebound phenomenon after guided growth suggested 
that higher BMI inhibits the coronal angular change.26

Recovery of deformities on the sagittal plane

The residual recurvatum deformity was significantly asso-
ciated with the TRI injury type, larger initial recurvatum 
angle and male sex. It can be easily understood that the 
larger initial recurvatum angle causes the larger residual 
recurvatum angle. TRI may also seem to leave larger resid-
ual recurvatum deformity because it is associated with the 
larger initial recurvatum angle. In the multivariate analy-
sis, however, both the injury type of TRI and a larger initial 
recurvatum angle were independent significant predis-
posing factors for larger residual recurvatum angle. If TRI 
is merely related to larger initial recurvatum angle, one of 
those two factors would be eliminated as a confounder.27 
Statistically, it means that TRI itself is associated with resid-
ual recurvatum deformity, apart from the initial recurva-
tum angle. As for the sex difference, it has been reported 
that boys predominately have extension type injuries in 
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proximal tibial fractures.28 Further studies are needed to 
determine whether these originate from the injury mech-
anism or for other reasons.

Limitations

There are some limitations that must be considered when 
interpreting our present results. First, though the data 
were acquired prospectively, it was reviewed retrospec-
tively. Thus, it possibly has some bias due to its retrospec-
tive nature. Second, some of the characteristics used in 
this study did not vary enough. For example, the majority 
of the patients were within the normal range of BMI. Play 
on the trampoline itself might act as a bias to select nor-
mal healthy children. It also seems substantially due to the 
selection bias that excluded patients who needed surgical 
treatment at their initial presentation. Although the surgi-
cal indications were not specifically set from the beginning 
of the study, we followed general indications for surgery 
such as fractures with open component, neurovascular 
compromise and/or severe displacement. Third, the small 
sample size is also a limitation. The functional effects of 
residual recurvatum deformity and different characteris-
tics between genders would need further research with 
a larger sample size. Finally, patients were followed up 
by checking their last deformity angle in two years after 
the trauma event. There may be need for more follow-up 
period to ensure complete recovery. Therefore, we cannot 
determine that whether the recovery of sagittal angular 
deformity is incomplete or just tardy. 

Conclusion
Patients with non-TRI initially tended to present with tib-
ial valgus and recurvatum deformity. However, those with 
TRI tended to present with varus and more recurvatum 
deformity. Although the coronal deformities showed 
nearly complete recovery, the sagittal deformities exhib-
ited only a partial recovery at about two years post-
trauma. Furthermore, the injury type of TRI itself was an 
independent significant predisposing factor for residual 
recurvatum deformity. For children with a proximal tibial 
metaphyseal fracture, the sagittal deformity (genu recur-
vatum) may recover incompletely or tardily, especially for 
those caused by TRI.
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