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Background and purpose — Physeal fractures represent
15-20% of all pediatric fractures and may lead to premature
physeal closure (PPC). The aim of our study was to deter-
mine the incidence rates of physeal fractures in the lower
limb and the proportion of PPC that lead to limb length dis-
crepancy (LLD), and/or angular deformity (AD).

Patients and methods — This retrospective study
included 236 consecutive children with physeal fracture in
the tibia, distal femur, or distal fibula. We estimated inci-
dence rates and reviewed medical records and radiographs to
obtain information regarding the development of PPC lead-
ing to LLD and AD. Of the 236 children, 100 had planned
growth control or were referred for growth control due to
symptoms of PPC.

Results — The total incidence rate was 35 (95% CI
30-39) per 100,000 person-years, with 1.2 (CI 0.5-23) for
distal femur, 5.7 (CI 3.1-7.8) for proximal tibia, 14 (CI
11-17) for distal tibia, and 14 (CI 11-17) for distal fibula.
The overall prevalence of PPC was 9.7% (CI 6.3—14), while
the prevalence was 38% (CI 8.5-76) for distal femur, 15%
(CI 5.9-31) for proximal tibia, 14% (CI 7.4--22) for distal
tibia, and 1.1% (CI 0.3--59) for distal fibula. We found a
significant higher hazard of PPC in fractures with = 3 mm
displacement (hazard ratio: 12, CI 1.5-97).

Conclusion — 10% of children with physeal fractures
developed PPC that led to LLD or AD. The highest hazard
ratio was in children who had an initial fracture displace-
ment. This study highlights the importance of routine and
uniform growth evaluation after a physeal fracture.

Fractures constitute 10-25% of all pediatric injuries, and the
risk of sustaining a fracture during childhood is 27% in girls
and 42% in boys [1,2]. In a previous Danish study of children
aged 0-15 years, the annual fracture incidence rates (IR) per
10,000 population/years were 215 for girls and 393 for boys
[3]. Between 15% and 20% of all pediatric fractures involve
the physeal growth plates [4,5]. Physeal fractures may be asso-
ciated with complications such as premature physeal closure
(PPC) that can lead to limb-length discrepancy (LLD), and/or
angular deformity (AD) [6-11].

PPC occurs most often after physeal fractures in the lower
limbs, most frequently in the distal tibia, distal femur, and
proximal tibia [3,12]. Studies have reported that PPC occurs in
12—-15% of all physeal fractures in the distal tibia, 26-64% of
physeal fractures in the distal femur, and 10—45% of the phy-
seal fractures in the proximal tibia [6,7,9-11,13-16]. However,
most studies have had small patient numbers or were case
studies. No previous studies have estimated the IR of physeal
fractures in the lower limbs.

The aim of our study was to determine the IRs of physeal
fractures in the lower limb and the proportion of PPC that
leads to LLD and AD.

Patients and methods

The present study was reported according to the STROBE
guidelines. We conducted a retrospective cohort study of
children aged 0—15 years treated for a physeal fracture in the
proximal or distal tibia, distal femur, or distal fibula 2013—
2020 at the emergency department (ED) of Odense University
Hospital or Svendborg Hospital in Denmark. The population
base for this study was the island of Funen in the Region of
Southern Denmark, which is a well-defined geographical area
with a population of 498,506 [17]. During the study period,
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Children aged 0-15 years treated for fracture in the
proximal or distal tibia, distal femur, or distal fibula
2013-2020 at Odense University Hospital or
Svendborg Hospital in Denmark
ICD10-codes: DS724, DS821, DS823-29
n =831

Exclusions
No physeal involvement or
physeal maturity (Tillaux fractures)
n =595

Study sample: Physeal fractures
n =236
Evaluation of medical records
Evaluation of radiographs/CT-scans
Growth evaluation, n = 100
No growth evaluation (assuming no PPC), n = 136

Figure 1. Flowchart of inclusions and exclusions.

the population of children aged 0—15 years decreased from
88,000 in 2013 to 83,269 in 2020 [17]. The 2 EDs had open
access 24 hours a day and were the only EDs on Funen during
the study period.

We reviewed all radiographs and CT scans of children aged
0-15 years with relevant ICD-10 diagnoses (DS724, DS821,
or DS823-DS829) in the study period. 831 radiographs were
reviewed (Figure 1). We excluded fractures without involve-
ment of the growth plates. Furthermore, we excluded children
with radiographic signs of physiological closure of the growth
plates due to maturity, including Tillaux fractures. Each frac-
ture was analyzed by both authors and compared with the diag-
nosis from the radiology department. The final diagnosis was
obtained by consensus. 236 children with fractures involving
the growth plate were identified and included in the study. The
physeal fractures were subsequently evaluated according to
the Salter—Harris classification. At both hospitals all children
with fracture displacement on the plain radiograph undergo
CT scan to evaluate the fracture displacement. The initial dis-
placement on the CT scan was measured as the greatest dis-
tance (in millimeters) in diastasis or cortex displacement.

The medical records of all cases were systematically
reviewed to obtain information on age, sex, date of injury,
cause of injury, initial treatment, and the presence of growth
disturbance including the date of verification and corrective
treatment. The review of medical records ended on July 1,
2022 with an observation period of at least 18 months. We
registered the occurrence of PPC with or without LLD and/
or AD. PPC was defined as a radiologically verified physeal
bridge formation that suggested either partial or total PPC. CT
scans or additional radiographs of the contralateral limb were
undertaken to distinguish cases with physiological closure and
PPC. The children were examined clinically for limping and
signs of asymmetry/angulation in the distal femur, proximal
tibia, and distal tibia. LLD was assessed by evaluating the
height of the iliac crest in standing position. In the case of clin-
ical and/or radiological signs of LLD and/or AD a low-dose
2D radiograph (EOS imaging system) of the lower limbs was

undertaken. Based on this 2D radiograph LLD was defined as
aradiographically verified discrepancy of = 5 mm [18,19]. The
length of each bone was compared with the contralateral side.
AD was defined as = 5° angulation compared with the refer-
ence value [18,19].

Growth disturbances were registered in children who par-
ticipated in planned growth evaluations or were referred for
growth evaluation due to symptoms of PPC (e.g., pain, limp-
ing, deformity). Only growth evaluations consisting of a com-
bined clinical and radiographic (conventional radiographs and/
or CT scans) examination performed a minimum of 6 months
after treatment were considered adequate. Children without a
planned growth evaluation or not referred for a growth evalu-
ation were assumed to have no PPC. Of 236 children, 100 had
an adequate growth evaluation.

The children were divided into 2 age groups, those < 8 years
old and those = 8 years old. Cause of injury was classified as
transport-related injuries, sports injury, fall from ground level,
or fall from above ground level.

Patients were treated in 1 of 4 ways: conservative treatment
with immobilization in a cast or brace, closed reduction with-
out fixation (CRNF), internal fixation with K-wires, or inter-
nal fixation with cannulated screws. CRNF was considered as
operative treatment. Physeal fractures were treated uniformly
at the 2 hospitals, and the recommended treatment is specified
in the regional instruction for the 2 EDs and the orthopedic
departments. In general, children had surgical intervention if
the physeal fracture had > 2 mm displacement, was intra-artic-
ular, or was angulated or rotated. After surgery, the fractures
were immobilized in a cast or brace without weight-bearing
for 4-6 weeks depending on age and fracture site. Conserva-
tively treated fractures were immobilized in a cast or brace for
4-6 weeks, also without weight-bearing.

Statistics

We calculated the annual fracture IR in the different ana-
tomical subgroups including 95% confidence intervals (CI).
The IRs were estimated based on mid-year (July 1) popula-
tion counts of children aged 0—15 years living on the Island
of Funen each year extracted as population at risk from Sta-
tistics Denmark [17]. The IRs were estimated as incidence
densities in a dynamic cohort, allowing subjects to enter and
leave the cohort by migration. Children with fractures were
not excluded from the population at risk. Mann—Whitney sta-
tistics was used to compare age in boys and girls.

Survival statistics were used to analyze age, sex, treatment,
and fracture displacement as risk factors of development of
growth disturbances. Time of observation was defined as time
from date of fracture to the first date of radiologically (radiog-
raphy or CT) confirmed PPC or censored at end of observa-
tion (July 1,2022). Failure was defined as radiological signs of
PPC. Hazard ratios were estimated in a crude and an adjusted
model. According to the Akaike and Bayesian information
criterion, we built Cox regression models including sex, age
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Table 1. Demographic characteristics, Salter-Harris fracture clas-
sification, and treatment type in children with physeal fractures of
the lower limb. Values are count (%)

Distal Proximal Distal Distal
Factor femur tibia tibia fibula Total
Fractures 8 39 96 93 236
Sex
Boys 5 27 43 51 126 (53)
Girls 8 12 53 42 110 (47)
Age group
0-7 1 17 9 16 43 (18)
8-15 7 22 87 77 193 (82)
Salter—Harris type
1 0 1 4 10 15 (6.4)
2 8 27 33 53 121 (51)
3 0 0 25 28 53 (23)
4 0 11 34 2 47 (20)
Treatment
Conservative 3 23 49 90 165 (70)
CRNF 1 0 1 0 2(0.8)
Screw fixation 1 13 30 0 44 (19)
K-wires fixation 3 3 16 3 25 (11)
> 1 fractured bone 0 1 39 0 40 (17)

CRNF = closed reduction without fixation.

group, treatment, and fracture displacement as risk factors. We
examined residuals using the Schoenfeld test for proportional-
hazard assumption. The Schoenfeld residuals were calculated
for each variable to see if each variable independently satisfies
the assumptions of the final adjusted Cox model. Hazard ratios
were estimated in both a crude model and in a final adjusted
model with CIs and p-values. Additionally, we estimated a
Kaplan—Meier survival curve of the timespan from physeal
fracture to the time of diagnosed PPC, including CI and the
number of children at risk at different time points. Statistical
analyses were undertaken using Stata 15 (StataCorp LLC, Col-
lege Station, TX, USA). P < 0.05 was considered significant.

Ethics, funding, and disclosures

The study received approval from the Region of Southern
Denmark (Journal number: 21/3509) and informed content
was obtained from the Danish Patient Safety Authority (Jour-
nal number: 21/23581). The study received no funding or ben-
efits of any kind, and no direct or indirect commercial interests
are attached to the findings. The authors have no conflicts of
interest to declare. Completed disclosure forms for this article
following the ICMIJE template are available on the article
page, doi: 10.2340/17453674.2023.13429

Results

We identified 236 (28%) physeal fractures in 831 children
with fracture of either the proximal or distal tibia, distal femur,
or distal fibula during the study period. Overall, 41% of the
physeal fractures involved the distal tibia, 39% the distal

Table 2. Summary of growth evaluation for children treated conser-
vatively and surgically. Values are count (%)

Distal Proximal Distal Distal
Factor femur tibia tibia  fibula  Total
Conservative treatment
Children 3 23 49 90 165
Growth evaluation 1 18 13 16 48 (29)
Symptoms
Pain 1 1 7 2 11 (6.6)
Joint stiffness 1 1 0 0 2(1.2)
Limping 0 0 0 0 0 (0)
Growth disturbance 1 3 1 1 6 (3.6)
PPC only 0 0 0 0 0(0
PPC + LLD 0 0 0 0 0(0
PPC + AD 1 2 1 1 5(3.0)
PPC + LLD + AD 0 1 0 0 1 (0.6)
Surgical treatment
Children 5 16 47 & 71
Growth evaluation 4 8 38 2 52 (73)
Symptoms
Pain 1 3 8 0 12 (17)
Joint stiffness 0 1 5 0 6 (8.5)
Limp 0 0 0 0 0 (0)
Growth disturbance 2 3 12 0 17 (24)
PPC only 0 0 2 0 2(2.8)
PPC + LLD 1 2 3 0 6 (8.5)
PPC + AD 0 1 3 0 4 (5.6)
PPC + LLD + AD 1 0 4 0 5(7.0)

PPC = premature physeal closure;
LLD = limb length discrepancy;
AD = angular deformity.

fibula, 17% the proximal tibia, and 3.4% the distal femur
(Table 1). The total IR of physeal fractures was 35 (CI 30-39)
per 100,000 persons/year. The respective IRs were 1.2 (CI
0.50-23) in the distal femur, 5.7 (CI 3.1-7.8) in the proximal
tibia, 14 (CI 11-17) in the distal tibia, and 14 (CI 11-17) in
the distal fibula.

126 (53%) of the children were boys and the median age
was 12 (range 2-15) years for boys and 10.5 (2-15) years
for girls (Mann—Whitney test, p = 0.1) (Table 1). The median
age was 11 (4-14) for physeal fractures in the distal femur, 9
(2-15) years for the proximal tibia, 12 (3—15) years for the
distal tibia, and 10.5 (2—-15) years for the distal fibula. Falls
from above ground level were the most frequent cause of
injury (32%) followed by sports (31%), transport-related inju-
ries (19%), and falls from ground level (18%).

Salter—Harris type 2 was the most frequent type of physeal
fracture, accounting for 51% (Table 1). All physeal fractures in
the distal femur were classified as type 2, which also accounted
for 69% of the proximal tibia fractures, 34% of the distal tibia
fractures, and 57% of the distal fibula fractures. Most children
(n = 165, 70%) were treated conservatively, while 71 (30%)
had surgery; of these, 44 (19%) were treated with screw fixa-
tion, 25 (11%) with K-wires, and 2 with CRNF (Table 1).

100 (42%) children participated in a growth evaluation within
a mean of 48 (SD 3.0) weeks after the initial injury (Table 2).
At the time of growth evaluation, 23% of these children pre-
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Table 3. Demographic and clinical characteristics, including type of
growth disturbances, of children with verified growth disturbances.
Values are count (%) unless otherwise specified

Distal Proximal Distal Distal

Factor femur tibia tibia  fibula  Total
Children & 6 13 1 23
Age (median) 12 7 11 8 11
Sex

Boys 2 4 6 0 12

Girls 1 2 7 1 1
Treatment

Conservative 8 1 1 6 (26)

Surgical 2 3 12 0 17 (74)
Salter—Harris type

1 0 0 0 0 0 (0)

2 3 5 5 1 14 (61)

3 0 0 1 0 1(4.3)

4 0 1 7 0 8 (35)
Accompanying fracture 0 1 7 0 8 (35)
Growth disturbance

PPC only 0 0 2 0 2(8.7)

PPC + LLD 1 2 & 0 6 (26)

PPC + AD 1 3 4 1 9 (39)

PPC + LLD + AD 1 1 4 0 6 (26)
Corrective surgery & 2 11 1 17 (74)

For abbreviations, see Table 2.

sented with either intermittent or consistent pain in relation to
the injury site and 8% had detectable joint stiffness (Table 2).

23 (9.7%,CI 6.3—14) children had growth disturbances veri-
fied on radiographs and/or CT scan and diagnosed within a
mean of 72 (SD 59) weeks after the initial injury. The pro-
portion of growth disturbances within each fracture site was
38% (CI 8.5-76) for the distal femur, 14% (CI 7.4-22) for the
distal tibia, 15% (CI 5.9-31) for the proximal tibia, and 1.1%
(CI0.3-59%) for the distal fibula. Among the children treated
surgically, 24% (CI 15-36) developed growth disturbance
compared with the 3.6% (CI 1.3-7.7) seen in conservatively
treated children (Table 2). After excluding children who did
not receive growth evaluation, the total prevalence of growth
disturbances was 23% (CI 15-33), where 13% (CI 4.7-22)
were treated conservatively and 33% (CI 20—47) were treated
operatively. Similarly adjusted, the frequencies of growth
disturbance within each anatomical subgroup were 60% (CI
15-95) in the distal femur, 23% (CI 9.0-44) in the proximal
tibia, 26% (CI 14—40) in the distal tibia, and 5.6% (CI1 0.1-27)
in the distal fibula.

In children with growth disturbances, the most common dis-
turbance was PPC leading to AD (39%), followed by equal
proportions of PPC leading to LLD (26%) and PPC leading to
both LLD and AD (26%). Only 8.7% developed isolated PPC
without LLD or AD yet (Table 3). The proportion of growth
disturbances was highest in children with Salter—Harris type 2
fractures (61%), followed by type 4 fractures (35%) (Table 3).

Of the 23 children with growth disturbance, 17 had corrective
surgery: 16 had physiodeses, 3 had Langenskjold’s procedure,

Table 4. Distribution of risk factors in children with growth distur-
bances compared with children with normal growth including Cox
regression analysis calculating hazard ratios with Cls in a crude
model and an adjusted model

Growth Normal Hazard ratio (Cl)

Factor disturbance @ growth crude® adjusted ©
Age groups

0-7 3 40 1.0 (reference) 1.0 (reference)

8-15 20 173 1.4 (0.41-4.7) 0.98 (0.25-3.9)
Sex

Girls 11 99 1.0 (reference) 1.0 (reference)

Boys 12 114 0.88 (0.39-2.0) 0.99 (0.27-3.6)
Treatment

Conservative 6 159 1.0 (reference) 1.0 (reference)

Surgical 17 54 9.9 (3.9-25) 1.0 (0.21-4.8)
Fracture displacement

<3 mm 1 21 1.0 (reference) 1.0 (reference)

>3 mm 10 18 10 (4.4-24) 12 (1.5-97)

2 Comparison includes only patients who had a CT scan done before
the initial treatment.

b Crude model analyzing age group, sex, treatment, and fracture
displacement separately.

¢ Adjusted model including age group, sex, treatment, and fracture
displacement.

Proportion without diagnosed PPC

0.8+

0.6

0.4

0.2

0.0 . . : :
0 2 4 6 8 10
Years from fracture

Figure 2. Kaplan—Meier survival curve of the timespan from physeal
fracture to the time of diagnosed growth disturbance including 95% ClI.

and 4 had angular corrections. A further patient was treated
with an internal bone-lengthening nail. We found that 20% of
the transport-related injuries were complicated by growth dis-
turbances, compared with 9.3% of falls above ground level,
8.1% of sports, and 2.4% of falls from ground level.

The adjusted Cox regression analyses showed that children
with an initial fracture displacement = 3 mm had a significantly
higher hazard for developing growth disturbances (hazard
ratio 12, CI 1.5-97) than children with < 3 mm displacement
(Table 4). We found no significant difference regarding age,
sex, or treatment in the adjusted analyses. The vast majority of
growth disturbances were diagnosed before 2 years of follow-
up (Figure 2). The latest time of diagnosed growth disturbance
was after 3.5 years.
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Discussion

The aim of the study was to determine the IRs of physeal frac-
tures in the lower limb and the proportion of PPC that led to
LLD and AD. We showed the IR of physeal fractures to be 1.2
(CI 0.5-23) per 100,000 person-years in the distal tibia, 5.7
(CI 3.1-7.8) in the proximal tibia, 14 (CI 11-17) in the distal
tibia, and 14 (CI 11-17) in the distal fibula. The IRs in our
study are consistent with a systematic review (not including
avulsion of the tibial tubercle), except that we found a higher
rate of physeal fractures in the proximal tibia compared with
the distal femur [12]. In addition, we found that Salter—Harris
type 2 fractures were the most frequent type, followed by type
3, type 4, and type 1. This reflects the general understanding
of the proportion of each fracture type [5].

We found that 14% of children with physeal fractures in the
distal tibia developed PPC, which is consistent with previous
studies showing that PPC occurs in 12-15% of cases [7,9-11].
In a previous study, 12.8% developed growth arrest defined by
aLLD > 1 cm or a LDTA > 5° [11]. We found that 11 (12%)
children developed either LLD, AD, or a combination of both.
In our study we defined LLD as = 5 mm.

In children with physeal fractures of the proximal tibia, we
found that 15% developed PPC and all had either LLD, AD,
or a combination of the two. It is reported that growth distur-
bance occurs in 10% of all physeal fractures in the proximal
tibia [16], which is lower than earlier reported with up to 45%
developing growth disturbances and 25.5% who had major
deformities in terms of LLD > 25 mm and/or AD = 5° [15].
Our inclusion of all physeal fractures involving the growth
plate, including avulsions of the tibial tubercle, may have con-
tributed to an overall higher frequency and a lower proportion
of growth disturbances.

Our study included only 8 children with distal femur phy-
seal fractures, of whom 3 developed PPC, all with AD and/
or LLD. Eid and Hafez [14] studied 151 injuries of the distal
femoral physis and found LLD in 38.4% and AD in 51%.
They reported a range of LLD between 0.5 cm and 11 cm
(mean = 1.7), indicating the severity of LLD after physeal
injuries in the distal femur. In our study, both patients with
LLD after distal femur fractures developed a minimum of 20
mm of LLD.

We included 93 children with physeal fracture of the distal
fibula, of whom only 1 developed PPC with AD. Almost all
(97%) children were treated conservatively. These findings
support the suggestion that fractures treated conservatively
have a low risk of developing growth disturbances [4].

Previous studies have reported several risk factors of PPC,
such as initial displacement, high-energy trauma, accompany-
ing fractures, preoperative delay, age at the time of trauma,
fracture classification, multiple attempts at reduction, and
residual displacement after intervention [6-8,11,20-23]. Our
study showed an increased risk of developing PPC in surgi-

cally treated physeal fractures and in fractures with an initial
displacement = 3 mm. However, in the adjusted analysis only
fracture displacement was associated with an increased hazard
of developing PPC. A meta-analysis of 970 distal tibia phy-
seal fractures found no significant association between dif-
ferent treatment methods and the development of growth dis-
turbances [9]. Previous studies have shown a similar associa-
tion between fracture displacement and growth disturbances
[6,7,11]. In our analyses, we included only children with a
preoperative CT scan. We are aware that some children with
undisplaced fracture according to the plain radiographs may
have had a displaced fracture on a CT scan. We have no reli-
able information on the size of this bias.

This study has some limitations, primarily related to its ret-
rospective design. First, only 100 out of 236 children had a
planned growth evaluation or were referred for growth evalu-
ation due to symptoms of PPC. Only 73% of the surgically
treated and 29% of the conservatively treated children were
systematically examined for growth disturbances. We have
assumed that the majority of children without growth evalu-
ation have not developed PPC, but we are aware that some
children may have had undiagnosed PPC or will develop
PPC. We have no reliable information on the importance
of this bias. The prevalence of PPC in our study is compa-
rable with other studies. Second, some children may have
had growth evaluations and treatment at other hospitals due
to migration during the study period. This bias is consid-
ered of minor importance, due to the structure of the Danish
healthcare system with free and equal access to the health-
care system for all and the geographic conditions of Funen
as an island. Third, our study included children in the period
2013-2020, with follow-up until July 1, 2022. This resulted
in different lengths of follow-up and thus an unequal range of
time to develop PPC. All children had follow-up of at least
18 months. However, it is likely that some children, espe-
cially in the youngest group, may develop PPC later in child-
hood. We have limited information on the importance of this
bias. Additionally, the Kaplan—Meier survival curve showed
that the vast majority of growth disturbances were diagnosed
within 2 years of follow-up.

We defined LLD as at least 5 mm. Some studies have found
that discrepancy of less than 1.25 cm does not cause signifi-
cant compensatory mechanisms [24,25]. However, a recent
study suggests that discrepancies of 5 mm can lead to long-
term pathology [18]. Our choice of 5 mm was primarily based
on the clinical relevance of early diagnosis preventing further
aggravation. We defined PPC as a radiologically verified phy-
seal bridge formation suggesting either partial or total prema-
ture closure of the growth plate that could lead to LLD and/
or AD. Other studies have used the terms “growth arrest” or
“physeal bone bridge.” We have chosen to distinguish PPC
from growth arrest measured as LLD or AD to avoid misinter-
pretations, as PPC or physeal bone bridges do not necessarily
lead to further manifestations such as LLD and AD.
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Conclusion

Our study showed incidence rates of physeal fractures in the
lower limb between 1.2 and 14.1 per 100,000 population/
years and that approximately 10% of children with physeal
fractures developed PPC that led to LLD or AD. We empha-
size the importance of routine and uniform growth evaluations
of children with physeal fractures.

DC reviewed the medical records and analyzed the radiographs and CT
scans assisted by CF. DC wrote the first draft of the article. Final editing and
corrections were made in collaboration. CF designed the study and acquired
the necessary data and approvals.

Handling co-editors: Ivan Hvid and Philippe Wagner
Acta thanks Julio de Pablos and Klaus Parsch for help with peer review of
this manuscript.
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