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Background: Intra-articular physeal fractures of the distal femur are an uncommon injury pattern, with only a few small case series
reported in the literature.

Purpose: To pool patients from 3 high-volume pediatric centers to better understand this injury pattern, to determine outcomes of
surgical treatment, and to assess risk factors for complications.

Study Design: Case series; Level of evidence, 4.

Methods: A multicenter retrospective review of all patients presenting with an intra-articular physeal fracture between 2006 and
2016 was performed. Patient demographic and injury data, surgical data, and postoperative outcomes were documented.
Radiographs were evaluated for fracture classification (Salter-Harris), location, and displacement. Differences between patients
with and without complications were compared by use of analysis of variance or chi-square tests.

Results: A total of 49 patients, with a mean age of 13.5 years (range, 7-17 years), met the inclusion criteria. The majority of fractures
were Salter-Harris type III fractures (84%) involving the medial femoral condyle (88%). Football was responsible for 50% of the
injuries. The initial diagnosis was missed in 39% of cases, and advanced imaging showed greater mean displacement (6 mm)
compared with radiographs (3 mm). All patients underwent surgery and returned to sport with “good to excellent” results after
2 years. Complications were more common in patients with wide-open growth plates, patients with fractures involving the lateral
femoral condyle, and patients who were casted (P < .05).

Conclusion: Clinicians evaluating skeletally immature athletes (particularly football players) with acute knee injuries should
maintain a high index of suspicion for an intra-articular physeal fracture. These fractures are frequently missed, and
advanced imaging may be required to establish the diagnosis. Leg-length discrepancies and angular deformities are not
uncommon, and patients should be monitored closely. Surgical outcomes are good when fractures are identified, with high
rates of return to sport.
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Injuries of the knee are common in pediatric and adoles-
cent patients, particularly athletes.2 Although much
attention has been focused on soft tissue injuries per-
taining to the anterior cruciate ligament (ACL), the
medial patellofemoral ligament, and the menisci, bony
injuries can also be observed but are relatively rare. In
particular, physeal fractures of the distal femur repre-
sent less than 1% of physeal injuries.6,12 In 1963, Robert
Salter and Robert Harris16 classified physeal fractures
using the distal femur and basing the description on the

involvement and orientation of the fracture line through
the growth plate.

Several unique features of the distal femoral physis cre-
ate clinical concerns when this structure is injured. The
distal femoral physis is the fastest growing physis in the
body and is responsible for 35% of longitudinal growth of
the lower extremity.13 During peak growth velocity, the
distal femoral physis grows approximately 10 to 12 mm per
year.2 Additionally, the undulating course of the physis
when fractured leads to a complex shearing injury of the
growth plate cartilage, which predisposes toward bony bar
formation.9 For these reasons, fractures pose significant
risk of premature physeal closure, with a subsequent angu-
lar deformity and leg-length discrepancy. When a physeal
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fracture extends into the joint (Salter-Harris type III and
IV fractures), several additional complications can occur,
placing the patient at increased risk for arthrofibrosis, non-
union, and posttraumatic arthritis.

To date, the literature contains few reports of intra-
articular distal femur fractures in the skeletally immature
patient, and all of the reports available are relatively small
case reports. Anecdotally, we have noticed an increasing
frequency of these fractures in our clinics. The purpose of
this study was to combine data from 3 high-volume pediat-
ric hospitals to identify common injury patterns, treatment
approaches, outcomes, and complications of the manage-
ment of Salter-Harris type III and IV intra-articular distal
femur fractures.

METHODS

After internal review board approval was obtained, a ret-
rospective review was performed regarding all intra-
articular distal femur fractures presenting to 1 of 3 ter-
tiary care pediatric hospitals. Inclusion criteria included
patients younger than 18 years with open physes who had
sustained a Salter-Harris type III or IV fracture of the
distal femur. Patients with diaphyseal extension of the
fracture were excluded.

Patient charts were reviewed, and the following data
were documented: age, sex, height, weight, body mass
index, extremity side, mechanism of injury, sport of
injury, time from injury to diagnosis and treatment, and
whether the fracture was initially missed by the original
treating practitioner (whether the patient’s primary care
physician, an emergency department provider, or the ini-
tial orthopaedic surgeon). All radiographic studies were
evaluated; fracture displacement, both the intra-
articular step-off and gap, was assessed on each radio-
graphic view, which included the anteroposterior (AP),
lateral, tunnel, and Merchant views if obtained. Maximal
displacement, both gap and step-off, was measured using
any advanced imaging (computed tomography [CT] and/or
magnetic resonance imaging [MRI]) that was obtained,
including the axial, sagittal, and coronal sequences. Asso-
ciated injuries were documented, including ligamentous
injuries, meniscal injuries, and injuries with neurovascu-
lar compromise. Patient treatment was recorded; in this
series, every patient was treated surgically. The surgical
approach was documented including the use of an open
arthrotomy, an arthroscopically assisted approach, or a
percutaneous technique. The type of fixation and screw
configuration was also recorded. We documented the post-
operative protocol, including whether the patient was kept
nonweightbearing and whether a cast or brace was used.
Additionally, the duration of weightbearing restriction and

immobilization was documented. Variation existed as to the
assessment of limb deformity, with some institutions favor-
ing hip-to-ankle long-leg alignment films on all patients and
other institutions favoring a clinical examination and
reserving the additional radiographic imaging for patients
with a clinically evident leg-length discrepancy or angular
deformity.

Outcome measures included achievement of union,
return to sport, range of motion restrictions, physical ther-
apy requirement, and the need for additional procedures,
including implant removal, subsequent soft tissue proce-
dures, or any deformity correction that was necessary. A
good outcome was achieved if fracture union was achieved,
the patient had returned to sport, and no functional deficit
was present. Differences between patients with and with-
out complications that required further surgical treatment
(other than implant removal) or potentially caused long-
term issues were compared by analysis of variance
(ANOVA) or chi-square test as appropriate. All continuous
data were checked for normality and homogeneity of var-
iances prior to use of parametric ANOVA technique. Alpha
was set at P < .05 to declare significance, and analyses were
performed with SPSS version 24 (IBM Corp).

RESULTS

Between 2006 and 2016, 49 intra-articular distal femur frac-
tures that met our inclusion criteria were identified. Table 1
shows the patient demographic and injury data. The major-
ity of fractures (84%) occurred during adolescence, between
the ages of 12 and 16 years, and males predominated (88%).
The vast majority were Salter-Harris type III fractures
(84%) and involved the medial femoral condyle (88%). A
tackle during football was the most common mechanism of
injury, responsible for 50% of the fractures. The time from
injury to consultation with the orthopaedic team averaged
3.3 days, but 10% of patients were not referred within the
first 2 weeks. A large number (39%) of fractures were missed
by the initial evaluating physician. Fractures that were non-
displaced or minimally displaced (�2 mm) were missed in
50% of cases, whereas those displaced more than 2 mm were
missed in 31% of cases; however, this was not statistically
significant (P < .42). The mean radiographic fracture dis-
placement that was typically best seen on the AP radiograph
was 3 mm, but advanced imaging showed greater mean dis-
placement of 6 mm (P ¼ .007). All patients presented with a
large knee effusion and a normal neurovascular examina-
tion. Concomitant ligament and meniscus injuries were pre-
sent in 12% of patients.

All 49 patients were treated surgically, with 92% receiv-
ing a screw-only construct, 4% receiving a plate and screw
construct, and 4% receiving a screw and cross-pin Kirschner
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wire construct. A percutaneous technique was used in 29% of
cases, an arthroscopically assisted technique in 12%, and an
open arthrotomy in 59%. Variability existed with respect to
postoperative protocols, but all patients were kept non-
weightbearing for a period of 4 to 8 weeks and a cast was
used postoperatively in 41% of patients, whereas a brace was
used in the rest of the patients.

At a mean follow-up of 24 months, outcomes were almost
uniformly good. Complete radiographic healing was
observed in 100% of patients, and all of the athletes
returned to full activities. Range of motion was symmetric
in 80% of patients. For the remaining 20% of patients who
lost range of motion, this tended to be a loss of flexion less
than 20�. One patient with significant arthrofibrosis
required an arthroscopic lysis of adhesions and manipula-
tion under anesthesia. One year postoperatively, he had
range of motion from 0� to 125� and had returned to full
sports with no deficits. At final follow-up, a limb-length
discrepancy was identified in 14% of patients and averaged
17 mm (range, 7-40 mm) in these patients. An angular
deformity was identified in 4 patients (8%), with 2 being
varus deformities and 2 being valgus deformities. Second
procedures were necessary in 6 patients (12%) for their
resultant leg-length discrepancy or angular deformity.
Four of these procedures in patients aged 12 to 14 years
were contralateral epiphysiodeses. One younger patient
who was 8 years of age at the time of injury underwent a
limb-lengthening procedure for a nearly 5-cm leg-length
discrepancy, and the final patient who was 6.5 years of age
at the time of injury underwent a successful bar excision. A
concomitant soft tissue injury was identified in 12% of

cases, with the majority involving the ACL. Three of the 4
ACL injuries (75%) were partial tears that were treated
nonsurgically and had no residual instability after their
fractures had healed. One patient with a complete ACL tear
underwent a staged reconstruction once the fracture had
healed and he had regained motion. In 22% of cases, the
patients elected to have their symptomatic implants
removed. Complications were more common in patients
with open growth plates compared with “closing” growth
plates, patients with fractures involving the lateral femoral
condyle, and patients who were casted (P < .05) (Table 2).

DISCUSSION

Intra-articular fracture of the distal femur is a relatively
rare injury pattern in skeletally immature patients, with
around 100 cases having been reported in the literature
(Table 3).k The current series reporting an additional 49
fractures enables broader conclusions to be reached and
statistical analysis to be performed. In general, this frac-
ture is unique to adolescence and occurs when the distal
femoral physis is narrowing and starting to close. If this
fracture is recognized early, surgical outcomes are good
with low complication rates, but patients need to be moni-
tored for premature physeal closure and residual knee lax-
ity. Additionally, when a premature physeal closure is
identified early, a guided growth procedure can often elim-
inate the need for an osteotomy.

TABLE 2
Comparison of Patients With and Without Complicationsa

With
Complication

(n ¼ 11)

Without
Complication

(n ¼ 38)
P

Valueb

Age, y 12.7 ± 3.0 13.8 ± 1.7 .13
Sex, % male 73 92 .12
Body mass index 17.6 ± 4.9 26.6 ± 5.4 .002
Physis open, % 78 22 .02
Salter-Harris type, % .06

Salter-Harris III 17 83
Salter-Harris IV 50 50

Fracture location, % .03
Medial femoral condyle 13 87
Lateral femoral condyle, % 50 50

High-energy mechanism, % 36 18 .24
Initial fracture missed, % 38 24 .13
Treatment approach, % .79

Arthroscopically assisted 17 83
Percutaneous 29 71
Arthrotomy 21 79

Postoperative casting, % 40 10 .03

aComplication defined as a condition that required further sur-
gical treatment other than implant removal or that potentially
caused long-term problems. Data for age and body mass index
presented as mean ± SD.

bBoldface values indicate P < .05.

TABLE 1
Demographic, Injury, and Treatment Data

for the 49 Patientsa

Age, y 13.5 ± 2.0
Male sex 43 (88)
Right extremity involvement 28 (57)
Height, cm 170 ± 11
Weight, kg 74 ± 24
Body mass index 25.1 ± 6.2
High energy/contact mechanism 38 (78)
Fracture location

Medial femoral condyle 43 (88)
Lateral femoral condyle 6 (12)

Salter-Harris type
Salter-Harris III 41 (84)
Salter-Harris IV 8 (16)

Time from injury to diagnosis, d 3.3 ± 5.3
Missed diagnosis 16 (39)
Concomitant injuries

Anterior cruciate ligament 4 (8)
Meniscus 2 (4)
Other fractures 4 (8)

Advanced imaging 26 (53)
Treatment approach

Arthroscopically assisted 6 (12)
Percutaneous 14 (29)
Arthrotomy 29 (59)

aData presented as mean ± SD or n (%).

||References 2, 4-8, 10, 11, 14, 15, 18, 19.
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Although several mechanisms of injury were responsible
for the various fracture patterns that were observed in our
cohort, the vast majority of the Salter-Harris type III frac-
tures involving the medial femoral condyle were the result
of a contact injury with a valgus force. This is seen fre-
quently in football players when either the shoulder or hel-
met of an opposing player impacts the lateral aspect of the
knee. Given this common mechanism, this injury has pre-
viously been coined a football “clipping injury.”15 This
unique fracture pattern shares several key characteristics
with a Tillaux fracture, which is an avulsion injury of the
anterior inferior tibiofibular ligament resulting in a Salter-
Harris type III fracture of the anterolateral distal tibia.
Similar to closure of the distal tibia, closure of the distal
femoral physis starts centrally and progresses peripherally
toward the perichondral ring.17 This asymmetric physeal
closure likely explains the age distribution of these frac-
tures, which occur almost exclusively during adolescence.
Similar to the anterior inferior tibiofibular ligament in the
ankle, the medial collateral ligament and possibly the
medial patellofemoral ligament, which attach to the medial
epiphysis, are likely responsible for the bony avulsion of the
medial femoral condyle, whereas the fibular collateral lig-
ament and the popliteus are likely responsible for the
lateral-sided fracture equivalent (Figure 1).

Previous studies have shown that intra-articular physeal
fractures may be difficult to accurately diagnose and char-
acterize on plain radiographs.15,19 In our series, these frac-
tures were frequently missed by the initial clinician,
especially if the fracture was nondisplaced or minimally
displaced. Some key steps may improve the physician’s
ability to adequately detect these fractures. First, obtaining
a knee series with a Merchant and tunnel view is impera-
tive. Many radiographic knee series performed in the emer-
gency department were incomplete and did not include
Merchant or tunnel views. For many of the fractures in this
series, these views were the only projections that allowed
visualization of the fracture. Second, if an adolescent

patient presents with a large posttraumatic effusion but
no obvious fracture, advanced imaging should be obtained
(Figure 2). The results of the current study showed that not
only was the advanced imaging more useful for quantify-
ing the degree of fracture displacement, but MRI in par-
ticular was helpful in detecting additional soft tissue
injuries such as ACL tears. Furthermore, a recent study
has shown that the vast majority (approximately 80%) of
adolescents presenting with a traumatic effusion will have
significant knee abnormalities, including ACL tears,
meniscal tears, and patellar dislocations.1 This informa-
tion, combined with our data, suggests that clinicians
should have a low threshold for obtaining an MRI when
evaluating a patient with a traumatic knee effusion with
no obvious fracture on plain radiographs.

In the literature, several studies have shown an associ-
ation between an intra-articular distal femur fracture and
other injuries about the knee.4,7,19 It has therefore been
suggested that treating physicians must maintain a high
index of suspicion for these combined injuries. In our series,
8% had a concomitant cruciate ligament tear, but only 2%
were clinically significant. At our institutions, we treat the
cruciate ligament injuries in a delayed fashion. Interest-
ingly, 75% of these ACL injuries did not require additional
ligament surgery once the fracture was stabilized and had
healed. For the remaining patient with residual instability,
a staged reconstruction was performed once the fracture
had healed and joint motion had been restored. An impor-
tant consideration in these cases is the placement of the lag
screws relative to the joint and the physis. Screws should be
placed anterior to the Blumensaat line to avoid inadvertent

TABLE 3
Summary of Published Studies Regarding Pediatric

Intra-articular Distal Femur Fractures

Salter-Harris
Type III

Salter-Harris
Type IV

All
Fractures

Rogers et al15 7 0 7
Torg et al19 6 0 6
McKissick et al11 3 0 3
Lippert et al8 14 0 14
Eid and Hafez7 19 22 41
Edmunds and Nade6 5 2 7
Lombardo and Harvey10 5 3 8
Thomson et al18 2 4 6
Riseborough et al14 7 6 13
Czitrom et al5 2 11 13
Bertin and Goble4 5 1 6
Arkader et al2 4 7 11
Current study 41 8 49
All studies 120 64 184

Figure 1. Schematic diagram showing the typical mechanism
associated with a Salter-Harris type III fracture. The mecha-
nism includes an avulsion of the medial femoral condyle from
the pull of the intact medial structures, including the superfi-
cial medial collateral ligament, deep medial collateral liga-
ment, posterior oblique ligament, and medial patellofemoral
ligament. Image courtesy of SD PedsOrtho.
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screw penetration into the notch and iatrogenic damage to
either the ACL or posterior cruciate ligament (Figure 3),
but the screws should not be angulated too anteriorly, to
avoid penetration into the joint through the sulcus of the
trochlea. Additionally, this screw placement will facilitate
future femoral tunnel placement in ACL reconstruction
and avoid tunnel-screw convergence.

Although reported in the literature,3,7,14 late fracture
displacement was not observed in this series, likely due to
the aggressive surgical treatment at our institutions. From

our data, it is not clear what percentage of the nondisplaced
or minimally displaced fractures would have healed with a
period of immobilization and observation. Nonetheless, we
favor surgery because it is technically easy; it can be per-
formed percutaneously or arthroscopically when the frac-
ture is minimally displaced; it enables early mobilization,
helping to avoid arthrofibrosis; and it leads to predictable
healing. Perhaps most important, surgical stabilization of
these fractures prevents the possibility of late fracture dis-
placement and malunion. Because these distal femur frac-
tures represent physeal injuries, premature physeal
closure may occur; an angular deformity was observed in
8% of cases, a leg-length discrepancy was identified in 14%
of cases, and 12% of patients ultimately required an addi-
tional procedure to address these deformities. Fortunately,
as discussed earlier, these “transitional fractures” often
occur later in adolescence when the physis is starting to
close, so many patients do not develop a clinically signifi-
cant angular deformity or leg-length discrepancy. This is
in contradistinction to Salter-Harris type II fractures of
the distal femur, which tend to occur in younger patients,
with as many as 40% requiring additional treatment for
their premature physeal closure.2,6,7 For patients with
open growth plates, we recommend routine clinical and
radiographic follow-up for a minimum of 12 months or
until both the distal femoral physes have symmetrically
closed.

In our study, although limited by small numbers, lateral
femoral condyle fractures appeared to be at a greater risk
for complications compared with medial femoral condyle

Figure 2. (A, B) Anteroposterior and lateral radiographs of an adolescent male football player with no obvious fracture visualized on
plain radiographs but large effusion best seen in the suprapatellar pouch on the lateral view. (C, D) Coronal and axial computed
tomography images confirming the intra-articular fracture and demonstrating how marked displacement can be underrecognized
on plain films. Image courtesy of SD PedsOrtho.

Figure 3. Lateral radiograph depicting proper lag screw
placement anterior to the Blumensaat line, avoiding inadver-
tent notch penetration. Image courtesy of SD PedsOrtho.
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fractures (50% vs 13%; P < .03). Premature physeal closures
associated with the lateral-sided fractures were also more
likely to require a subsequent surgery (50% vs 7%). The
reason for the poorer prognosis with the lateral femoral
condyle fractures is unclear but possibly represents a
higher energy mechanism of injury. Regardless, patients
and their families need to be counseled and monitored
accordingly.

Arthrofibrosis following significant knee trauma and
surgery is not uncommon. In the current series, 20% of
patients were noted to have mild loss of motion in their
knee, particularly flexion. One patient developed signifi-
cant arthrofibrosis requiring surgical lysis of adhesions and
manipulation under anesthesia. Another observation of the
current study was that the braced patients had lower rates
of complication than the casted patients. Given these find-
ings, we recommend early mobilization whenever possible
assuming sufficient fixation has been achieved intraopera-
tively. Eid and Hafez7 also found a high rate of stiffness in
their cohort of distal femur physeal fractures treated with a
cast, with nearly 30% of patients losing 10� to 40� of flexion
or 5� to 20� of extension.

The current study has several limitations that primarily
relate to its retrospective design. Additionally, we focused
our analysis on radiographic and surgeon-reported out-
comes as opposed to patient-reported outcomes. Although
a future prospective study with patient-derived outcomes
would be beneficial, given the relative rarity of this injury
pattern, it would take a multicenter group years to accu-
mulate a large series of patients, making this study prohib-
itive and unlikely. Another limitation is that our relatively
short-term follow-up limited our ability to make conclu-
sions about the risk of future posttraumatic arthritis of
these intra-articular fractures. Finally, our study had no
nonoperative comparison group, limiting our ability to
determine which fractures may have had acceptable out-
comes without surgical intervention.

In conclusion, intra-articular physeal fractures (Salter-
Harris type III and IV) of the distal femur represent a
“transitional fracture” most commonly observed during
adolescence when the physis is beginning to close. These
injuries will frequently occur in football players as a result
of a valgus force being applied to the lateral aspect of the
knee. These injuries are often initially missed on radio-
graphs (upward of 40%); when treating athletes in this age
group who present with a large knee effusion, clinicians
must keep a high index of suspicion and must have a low
threshold for obtaining MRI or CT imaging. Surgical fixa-
tion results in reliable fracture healing with high rates of
return to sport, but premature physeal closure may occur in
approximately 10% of fractures involving the medial fem-
oral condyle and potentially as high as 50% of fractures

involving the lateral femoral condyle. Patients (especially
patients with substantial growth remaining) should be
observed for a minimum of 12 months or until both growth
plates have symmetrically closed.
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