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Background: Anterior distal femoral hemiepiphysiodesis (ADFH)
using 2 percutaneous screws is an effective technique for the
treatment of fixed knee flexion deformities in children with neu-
romuscular disorders. The role of sagittal screw position on the
outcome of the procedure is unknown.
Methods: This is a retrospective case series of patients who un-
derwent ADFH at a single pediatric hospital from 2013 to 2020.
Radiographs were evaluated for sagittal screw position and the
associated change in lateral distal femoral physeal angle over
time. The position of the 2 screws was classified as either being
both in the anterior third of the physis (AA), one screw in the
anterior third and the other screw in the middle third (AM), or
both screws in the middle third of the physis (MM).
Results: The study population included 68 knees in 36 patients.
The mean physeal angle at the time of surgery was 93 degrees
(SD 4.0 degrees), which increased to 102.4 degrees (SD 5.7 de-
grees) at 12 months, for a change of 9.4 degrees (P< 0.001). At
24 months, the mean physeal angle was 104.6 degrees (SD 6.3
degrees) for a further change of 2.9 degrees (P< 0.001). When
stratified by screw position all screw configurations resulted in an
increase in the physeal angle at 12 months. At the 24-month
follow-up, the physeal angle in knees with AA screws continued
to increase another 3.5 degrees (P< 0.05), there was a minimal
change in knees with AM screws (1.47°, P> 0.05) and knees with
MM screws saw a reversal of physeal angle change (−7.1 degrees,
P< 0.05).
Conclusions: ADFH using percutaneous screws results in an in-
crease in the lateral distal femoral physeal angle. The rate of
correction is largest in the first 12 months after the procedure. As
such, this procedure should be considered in patients with less
than 2 years of growth remaining. However, initial screw posi-
tioning influences the amount of change over time, and close

postoperative surveillance until physeal closure is essential for all
patients.
Level of Evidence: Level IV—retrospective case series.
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In children with cerebral palsy (CP) and other neuro-
muscular conditions, fixed knee flexion deformities

(FKFDs) can result in progressive crouch gait, knee dis-
comfort, and limited mobility.1–4 Multiple surgical tech-
niques have been used to address this issue, including soft
tissue lengthening, tendon transfers, and extension os-
teotomies. Soft tissue procedures have been associated
with weakness, while acute bony correction can be a
complex surgery with a lengthy recovery period.5,6

More recently, guided growth techniques have been
demonstrated to correct FKFDs in skeletally immature
patients.7–12 Physeal tethering for the correction of coro-
nal plane deformities around the knee has been widely
adopted since the introduction of epiphyseal stapling by
Blount and Clarke in 1949.13,14 For sagittal plane de-
formity, the concept of anterior distal femoral hemi-
epiphysiodesis (ADFH) was initially introduced in 2001,
and techniques continue to be updated.7 The ADFH
technique was initially introduced using staples to tether
the anterior aspect of the distal femoral physis and was
then revised to use tension band plates.7,8 Both implants
were found to be effective for treating FKFDs, but the
need for parapatellar arthrotomies and the implants
themselves have been associated with implant loosening,
pain, and stiffness.8–11

In 2015, Kay and Rethlefsen published a technique
for a percutaneous, extra-articular ADFH using 2 trans-
physeal screws for the management of fixed knee con-
tracture in children with CP.12 This technique has been
found to be equally effective as tension band plates, with
less postoperative discomfort.10 Despite the promising
outcomes that have been reported with this technique,
there remains a lack of understanding of the technical el-
ements of the procedure that are important for achieving
success.15 Therefore, the objective of this study was to
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determine whether the sagittal position of the screws used
in transphyseal 2-screw ADFH affects the amount of
lateral distal femoral physeal angle change over time.

METHODS
Institutional review board approval was obtained

before study initiation. This study was a retrospective case
series that included pediatric patients with neuromuscular
disorders who were treated for an FKFD using a trans-
physeal 2-screw antegrade ADFH technique at a single
pediatric hospital from 2013 to 2020. All patients had CP
or a CP-like condition with a FKFD of 10 to 25 degrees
and at least 2 years of growth remaining.

Using ICD-10 diagnostic and procedural codes, the
institutional electronic medical record was queried to
identify all patients who had undergone a transphyseal
antegrade 2-screw ADFH procedure for an FKFD since
the technique had been introduced. Surgical technique
similar to the one described by Kay and Rethlefsen was
used in all patients, with implantation of 2 antegrade
transphyseal fully threaded 4.5 mm cannulated screws.12

No patients underwent concurrent patellar tendon short-
ening or advancement as it was not routine practice and is
only indicated in cases of extension lag > 20 degrees.15

Patient charts were reviewed to collect data on patient
demographics and outcomes.

Radiographs were reviewed to evaluate the sagittal
screw position and to quantify the change in the physeal
angle over time. The sagittal position of the screws was
evaluated on the lateral knee radiograph by drawing a line
connecting the most anterior and posterior aspects of the
physis, which was then divided into thirds. The position of
the 2 screws was classified as either being both in the an-
terior third of the physis (AA), one screw in the anterior
third and the other screw in the middle third (AM), or
both screws in the middle third of the physis (MM)
(Fig. 1A). Note that all screws placed in the middle third
of the physis were anterior to the midline of the physis.
The physeal angle was measured on the lateral knee
radiograph as the angle between the lateral mid-
diaphyseal line of the femur and a line extending from
the most anterior to the posterior aspect of the physis
(Fig. 1B).

Measurements were taken from the preoperative,
intraoperative, and postoperative radiographs at 3, 6, 12,
and 24 months where available. A subset of 39 radio-
graphs was assessed by 2 authors (A.S. and B.S.) to
evaluate inter-rater reliability of measurements. The pri-
mary author also performed a second set of measurements
4 weeks apart to evaluate intrarater reliability. Inter-rater
and intrarater reliability were assessed by estimating the
intraclass correlation coefficient (ICC) along with a 95%
CI for each measurement. Inter-rater reliability was as-
sessed using an ICC (2, 2) model, and intrarater reliability
was assessed using an ICC (3, 1) model.16

Changes in physeal angle were calculated from in-
traoperative to 12 months, and from intraoperative to at
least 24 months postoperative. Student t test was used to

assess changes in each measurement and the mean dif-
ference was estimated along with a 95% CI. Analysis was
also stratified by screw position using a one-way analysis
of variance. All tests were 2 sided, and P-values <0.05
were considered significant.

RESULTS
The study population included 68 knees in 36 pa-

tients. The most common primary diagnosis was CP
(n= 25, 69%), the median age at the time of surgery was
11.6 years (SD 2.1), and most patients had bilateral sur-
gery (n= 32, 89%) (Table 1).

The mean physeal angle at the time of surgery was
93 degrees (SD 4.0 degrees), which increased to 102.4
degrees (SD 5.7 degrees) at 12 months, for a change of
9.4 degrees (95% CI: 8.1-10.8 degrees, P< 0.001). At
24 months, the mean physeal angle was 104.6 degrees (SD
6.3 degrees) for a further change of 2.9 degrees (95% CI:
1.8-4.0 degrees, P< 0.001) (Fig. 2).

When stratified by screw position, all screw config-
urations resulted in an increase in the physeal angle at
12 months. At 24-month follow-up, the physeal angle in
knees with AA screws continued to increase another 3.5
degrees (95% CI: 2.1-4.9 degrees, P< 0.05). However,
there was no significant change in knees with AM screws
(1.47 degrees, 95% CI: −2.8 to 5.7 degrees, P> 0.05) and
knees with MM screws saw a reversal of physeal angle
change (−7.1 degrees, 95% CI: −11.9 to −2.2, P< 0.05)
(Fig. 3).

Intrarater reliability (ICC = 0.96) and inter-rater
reliability (ICC = 0.86) were both found to be excellent.

DISCUSSION
The management of knee flexion contractures in

children with CP is a critical component of their care and
has evolved considerably over the last quarter century.
ADFH has proven to be a safe and effective treatment for
FKFDs in children with neuromuscular disease with re-
maining growth potential.10 However, our understanding
of the factors influencing the timing and degree of ex-
pected correction for knee flexion contractures in children
treated with ADFH is poor. We sought to further explore
how sagittal position of the screws used in transphyseal 2-
screw ADFH can affect the amount of physeal angle
change that is imparted over time. We observed that the
greatest change was observed when screws were placed in
the anterior third of the physis, and this change was seen
at 1 and 2 years after screw insertion. A secondary finding
was that there is a slowing of physeal angle change after
12 months, regardless of screw position, and in knees with
screws in the middle third of the physis, there was an
observed reversal of change of physeal angle, highlighting
the importance of anterior third screw positioning at in-
sertion.

In their original technique paper for ADFH with
percutaneous screws, Kay and Rethlefsen write that
screws should be placed in the anterior third of the
physis.12 However, there is no supporting evidence for
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why this part of the technique is important. Con-
ceptually, placing the screws as anterior as possible
makes sense if attempting to maximize the differential
growth between the anterior and posterior aspects of the
physis. However, screws placed anywhere in the anterior
half of the physis should be effective in creating an an-
terior tether that would result in an increase in the
physeal angle over time. In the current study, we found
that screws placed in the middle third of the physis (but
anterior to the midline) result in an initial increase in
physeal angle change, but after 1 year a reversal of the
physeal angle can be appreciated. This phenomenon was
only seen in knees where both screws were placed in the

middle third of the physis, confirming that initial sagittal
screw position affects the physeal angle change seen
over time.

While the above finding was only observed in knees
with both screws starting in the middle third of the physis,
all knees demonstrated a slowing of physeal angle change
after 12 months. The cohort of knees with AA screws saw a
continued increase in the physeal angle but the rate of
change slowed and knees with AM screws did not see a
significant change in the physeal angle after 12 months. It is
notable that the initial 9.4 degrees increase in the physeal
angle seen in our cohort is similar to the change of 8 to 10
degrees that has been previously reported.9,10,17,18 How-
ever, we believe this is the first study to identify that the
degree of physeal angle correction decreases with time.

A decrease in the efficacy of the screws after the first
12 months of treatment raises the question of whether the
indications for ADFH need to be reconsidered. In a re-
cently published Delphi study that made recommendations
for indications for the procedure, there was consensus that
the procedure should only be performed in children with at
least 2 years of growth remaining.15 Our findings suggest
that the benefits of treatment diminish after the first
12 months, which suggests that ADFHmay be effective for
improving knee motion in children who only have a year of
growth remaining. It is possible that performing the pro-
cedure in a patient approaching skeletal maturity may be
useful for increasing motion and function or reducing the
need for more invasive osteotomy options that would oth-
erwise be considered. This is an avenue of study that war-
rants further investigation in the future.

The most likely explanation for the above findings is
that the screws used in the procedure experience a relative
posterior migration along the sagittal physis with growth.
The screws themselves do not move, but due to circum-
ferential growth of the distal femur, the site at which the
screws cross the physis becomes more posterior over time
(Fig. 4). As a result, the tethering action of the screws is
progressively seen more posteriorly across the physis, and
the differential growth between the anterior and posterior

FIGURE 1. Radiographic measurement of sagittal screw position (A) and lateral distal femoral physeal angle (B).

TABLE 1. Baseline Demographics for Patient Cohort
Cohort summary (N= 36 patients)

Characteristic Frequency %

Male sex 20 56
Age at procedure [y; mean (SD)] 11.6 2.1
Ethnicity
Not Hispanic 32 89
Hispanic 2 6
Unknown 2 6

Race
White 19 53
Black 5 14
Asian 4 11
Other/unknown 8 22

GMFCS level
II 10 28
III 7 19
IV 9 25
V 3 8
Unknown 7 19

Diagnosis
Cerebral palsy 25 69
Myelomeningocele 3 8
Syndrome 6 17
Other 2 6
Bilateral 32 89

GMFCS indicate Gross Motor Function Classification System Level.
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portions of the physis is reduced. For screws that start in the
anterior third of the physis, this results in a slowing of
physeal angle change after 12 months. However, for screws
that start in the middle third of the physis, the relative
posterior migration can result in tethering of the posterior
half of the physis over time and a reversal of the physeal
angle change that is seen in the early months of treatment.

The findings outlined in this study highlight the same
conclusion from the Mission Impossible experts in their
Delphi analysis, underscoring the importance of ongoing
radiographic surveillance while the physis is still open to
ensure that all the screws are having the intended effect and
to monitor for possible deformities that can be caused by
relative migration of the implants.15

FIGURE 2. An Example of physeal angle change over 24 months including intraoperative (A), 12 months postoperative (B), and
24 months postoperative (C) radiographs.

FIGURE 3. After 12 months, stratification by screw position shows continued increase of the physeal angle in knees with AA screws,
minimal change in knees with AM screws and a decrease in physeal angle in knees with MM screws. AA indicates anterior-anterior;
AM, anterior-middle; MM, middle-middle. AP, Anterior-Posterior Screw Position.
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Despite the above conclusions, these should be consid-
ered with the following limitations. The limitations of this
study are similar to other retrospective studies. The timing of
radiographs was not standardized so not all patients have
complete radiographic data sets. The leg position used for
radiographs was not standardized, and differences in rotation
could affect measurements. The study population was small
and heterogenous limiting our ability to determine whether
diagnosis had any effect on outcome. Reliable clinical in-
formation (eg, range of motion measurements) was not
available to determine whether there is a relationship between
postoperative protocols and outcomes or between radio-
graphic findings and clinical changes in the range of motion.
We believe that the change in physeal angle closely mirrors the
clinical examination; however, there is currently no data to
support this observation. Our conclusions would have been
stronger if each patient underwent preoperative and post-
operative gait analysis; however, as a tertiary level referral
center where many of the postoperative visits were done re-
motely, preoperative and postoperative gait analysis was not
possible.

In conclusion, antegrade transphyseal 2-screw ADFH
procedure is a powerful technique for altering sagittal distal
femoral anatomy in the correction of mild to moderate
FKFDs. While the rate of correction after 12 months may
decrease, the initial screw position appears to influence the
amount of physeal change that occurs over time. Practi-
tioners should strive to place both screws in the anterior
third of the distal physis to generate the greatest degree of
knee flexion deformity correction. Close postoperative
surveillance, while the physis remains open, is important to
ensure that implanted screws do not eventually tether the
posterior aspect of the physis, resulting in a decrease of the
physeal angle and a possible loss of knee extension. Larger
prospective study is needed to help identify the ideal sur-
gical indications for this powerful technique for the cor-
rection of FKFDs in skeletally immature patients.
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FIGURE 4. The relative posterior migration of screws is demonstrated in this series of radiographs. Intraoperative radiograph (A)
shows the initial anterior placement of the screws. Over the course of 6-month (B), 12-month (C), 24-month (D), and 36-month
(E) postoperative radiographs, the screws “migrate” into the middle third of the physis over time.
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