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Original Clinical Article

Introduction

Percutaneous epiphysiodesis (PE) as originally described by 
Bowen and Johnson1 is a well-established method for the 
treatment of leg length discrepancy (LLD). Other surgical 
techniques to achieve growth arrest include the Phemister 
technique,2 the White and Stubbins technique,3 epiphyseal 
stapling,4 and epiphysiodesis by percutaneous screws.5

The open methods like the Phemister and White tech-
niques, as well as stapling, require a certain surgical 
approach to expose the physis, whereas only very small 
incisions are needed for the percutaneous technique. 
According to the originally described method of PE,1 the 
peripheral one-third of the plate is ablated by curettage. The 
ablation is done from the medial and the lateral side of the 
physis. The method has been modified by Canale and 
Christian6 to include drilling in combination with curettage. 
Percutaneous techniques for epiphysiodesis are most widely 

used today due to less surgical approach and less postopera-
tive pain compared to open techniques.7,8 The method is 
considered to be safe with a low complication rate.1,7,9–11 
However, failure of the procedure with continued growth 
either over the whole or parts of the physis might occur. 
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Abstract
Purpose: The purpose of this study was to systematically analyze the presence of secondary angular deformities after 
percutaneous epiphysiodesis based on long-standing radiographs, and to see if the occurrence and magnitude of angular 
deformities after percutaneous epiphysiodesis correlated with the amount of remaining growth at the time of surgery.
Methods: From a local Health Register consisting of patients investigated using the Moseley Straight-Line Graph, 
we identified 269 patients who had undergone percutaneous epiphysiodesis from 2002 until 2020. Radiographic 
analysis included the measurement of mechanical axis and joint orientation angles on long-standing anterior–posterior 
radiographs. Remaining growth was analyzed based on the Menelaus method.
Results: One hundred and forty epiphysiodeses (71 femurs and 69 tibiae) in 88 patients (39 girls and 49 boys) could 
be included in the study. Mean age at surgery was 13.2 (10–16.8) years, and mean skeletal age at surgery was 13.0 
(9.8–15.7) years. A change of the MA (Mechanical axis) ≥10 mm was found in eight patients (9%). Secondary frontal 
plane deformities after percutaneous epiphysiodesis correlated significantly with the remaining growth at the time of 
surgery (p = 0.003).
Conclusion: We found a high rate of secondary angular deformities after percutaneous epiphysiodesis, and the 
magnitude of the deformities correlated with the amount of remaining growth at the time of surgery. A modification of 
the original surgical method for percutaneous epiphysiodesis to also include ablation of central parts of the growth plate 
might be considered. Patients should be enrolled in a systematic follow-up scheme which allows for the early detection 
of possible angular deformities.
Level of evidence: level III study.
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Secondary angular deformities are described to a varying 
degree, and both valgus and varus malalignment of the knee 
are known risk factors for the development of osteoarthri-
tis.12–14 Makarov et al.15 found angular deformities in 3.6% 
of the patients in a large series, but only few (41 out of 863) 
operated with the percutaneous technique were included in 
their study. Craviari et al.16 found angular deformities in 4 
(7%) out of 60 patients. In a study by Blair et  al.,17 all 
patients were operated with a modified Phemister technique, 
10 (15%) out 67 patients did not show fusion of the physis, 
which resulted in either no slowing of growth or angular 
deformity. Other authors report none or only rare cases of 
secondary angular deformities.1,6,7,9,10,16,18–20 However, it 
applies to all of these studies that it is either not explained 
how eventual angular deformities have been assessed, or 
they were analyzed with adequate radiographs only in 
selected cases (Table 1). To date, there is no study which 
systematically has analyzed the presence of secondary 
angular deformities after PE by long-standing radiographs. 
Most studies report the success of the procedure in terms of 
correction of LLD, and there is reason to believe that the 
presence of secondary angular deformities might be under-
reported. The aim of this study was therefore to systemati-
cally analyze the presence of secondary angular deformities 
after PE based on long-standing radiographs, and to see if 
the occurrence of angular deformities after PE correlates 
with the amount of remaining growth at the time of 
surgery.

Patients and methods

From an institutional Health Register consisting of patients 
investigated using the Moseley Straight-Line Graph, we 
identified 269 patients who had undergone PE between 
2002 and 2020. Inclusion criteria were as follows: PE, 
follow-up of at least 12 months after the procedure, no 
underlying pathology in the operated leg which could 
cause angular deformity, long-standing radiographs after 
the procedure and if available before PE, and skeletal age 
(SA) determination based on hand radiographs no longer 
then 6 months before surgery.

The surgical technique included a 1-cm skin incision 
medially and laterally over the distal femoral physis and/or 
the proximal tibial physis. Under image intensification, an 
awl was advanced 1.5 cm from medial and lateral and cen-
trally into the physeal plate followed by a 6-mm drill-bit. 
The peripheral 2–2.5 cm part of the physes were first 
ablated by fan-shaped oscillating drilling, and then further 
ablated by a 3-mm curved curette. Epiphysiodesis of the 
proximal fibula was not performed when the estimated 
remaining growth in the proximal tibia was ≤2 cm.

Radiographic analysis included long-standing anterior–
posterior (AP) radiographs from the pelvis to the feet. 
These radiographs were obtained in a standard way with 
the patella pointing straight forward and any LLD 

corrected with standing blocks under the short extremity to 
level the pelvis. Deformity analysis was done based on the 
malalignment test and malorientation test and included 
measurement of: mechanical axis deviation (MAD), 
mechanical lateral distal femoral angle (mLDFA), and 
medial proximal tibial angle (MPTA).24,25 Sagittal plane 
parameters were not assessed since lateral long-standing 
radiographs were only obtained in very few patients. 
Analysis of MAD was done by experienced radiologists 
not involved in the study. Analysis of mLDFA and MPTA 
was done by the senior author of the study (J.H.).

Remaining growth at the time of surgery was calculated 
according to the Menelaus26 method and based on skeletal 
age (SA). Radiological assessment of maturation by SA 
was done by experienced radiologists using hand and wrist 
radiographs and the Greulich and Pyle atlas.27 Hand radio-
graphs for analysis of SA were obtained prior to surgery in 
all cases with a mean time interval of 1 (0–6) months. In all 
but eight patients, SA was determined within 3 months 
before surgery. SA at surgery was extrapolated by adding 
the chronological time difference between the latest hand 
radiographs and the date of surgery to the latest calculation 
of SA before surgery.

For statistical evaluation, we applied the paired samples 
T-test for differences between paired measurements and 
the Pearson correlation coefficient to measure the linear 
correlation between two sets of data, in particular the cor-
relation between the occurrence of angular deformity after 
PE and remaining growth at the time of surgery. The study 
was approved by the institutional review board (case nr. 
18/04927) and the research committee at the department of 
radiology and nuclear medicine (KRNnr. 1985).

Results

Patients

Two-hundred sixty nine patients who had undergone PE 
could be identified, of these 140 epiphysiodeses (71 
femurs and 69 tibiae) in 88 patients (39 girls and 49 boys) 
could be included in the study. Fifty-four of the epiphys-
iodeses were combined in the femur and tibia, and 32 
were solely in the femur (n = 17) or tibia (n = 15). Mean 
age at surgery was 13.9 (10.8–16.8) years for boys and 
12.4 (10.0–15.4) years in girls. Mean SA at surgery was 
13.6 (10.2–15.7) years for boys and 12.3 (9.8–13.8) years 
for girls. The most common diagnoses were idiopathic 
LLD and hemihypertrophy (Table 2). Remaining growth 
of the physes, according to the Menelaus26 method and 
based on SA at surgery, was 1.6 (0.24–5.19) cm. Follow-up 
for the condition (LLD) was 53 (12–181) months, whereas 
all but six patients were followed until skeletal maturity. 
Mean time from surgery to long-standing radiographs 
(latest follow-up for radiological analysis of alignment) 
was 48 (12–181) months.
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Alignment

Long-standing radiographs after surgery were available in 
all patients included in the study, whereas these radio-
graphs were available in 51 patients before and after sur-
gery. In 37 patients, postoperative mechanical axis (MA) 
and joint orientation angles were compared with the unop-
erated healthy side. We found a statistically significant 
change of the MA, but no significant change of joint orien-
tation angles (Table 3).

At the latest follow-up at least 12 months after surgery, 
a deviation of the MA of >7 mm was found in 13 out of 88 
patients (15%). Of these 13 patients, 8 (9%) showed a 
change of MAD ≥10 mm at the latest follow-up. All cases 
of asymmetric growth which resulted in ≥10 mm MAD 
occurred after distal femoral epiphysiodesis (5 varus and 3 
valgus) (Table 4). No total failures occurred. The epiphys-
iodeses included in this study were performed by four dif-
ferent surgeons, and the occurrence of secondary angular 
deformities after the procedure was evenly distributed 
among the surgeons.

The development of secondary frontal plane deformi-
ties after PE correlated significantly with the remaining 
growth at time of surgery (p = 0.003). Remaining growth in 
those patients who developed angular deformity of more 
than ≥10 mm MAD was 2.6 (1.2–5.2) cm (Table 4).

Discussion

We found a high rate of secondary angular deformities 
after PE. The occurrence of deformities correlated with the 
amount of remaining growth at the time of surgery. Thus, 
significant remaining growth when PE is performed is 
associated with a certain risk of asymmetric growth after 
the procedure resulting in angular deformities. In this 
study, eight patients (9%) showed a secondary MAD of 
≥10 mm. In a former study, it could be shown that the pre-
cision of repeated radiographic measurements of the MAD 
was ±3 mm with a mean change of MAD of 3 (0–7) mm 
between two measurements of an untreated healthy 
extremity.25 Any change of MAD >3 mm might, therefore, T
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Table 2.  Diagnoses in 140 epiphysiodeses (88 patients).

Diagnosis n

Idiopathic LLD 25
Hemihypertrophy 25
PEV sequela 18
CFD, fibular hemimelia 13
Fracture sequela 11
DDH sequela 10
Perthes’ sequela 8
Others 30

LLD: limb length discrepancy; PEV: Pes equino varus; CFD: congenital 
femoral deficiency; DDH: developmental dislocation of the hip.
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be considered a real change. However, since the range in 
this study was from 0 to 7 mm, we consider any change of 
the MAD >10 mm, a significant change which without 
doubt can be attributed to asymmetrical growth. 
Furthermore, a change of 10 mm in MA might be consid-
ered significant with a risk for having long-term clinical 
consequences.12,13

Our finding that the occurrence of secondary angular 
deformities correlated with the amount of remaining growth 
at the time of surgery is in accordance with findings by other 
authors,15,20 who found higher failure rates of PE when the 
operation was performed at a younger age. However, we 
found a higher rate of secondary deformities than earlier 
studies. Makarov et  al.15 found angular deformities in 28 
(3.2%) of 863 children after epiphysiodesis. However, only 
41 of these children were operated with PE. In this study, 
LLD was assessed on scanograms, and if these were not 
available, standing AP radiographs were used. Authors have 
not specified if long-standing radiographs were available in 
all patients and how MAD and joint orientation angles have 
been assessed. Inan et al.7 found one case with >5° of angu-
lar deformity, and failure of the PE in three patients in a 
series of 97 who were followed until skeletal maturity. 
Timperlake et al.22 did not recognize any angular deformi-
ties in a group of 35 patients. However, none of these authors 
did specify how limb alignment was assessed. Table 1 gives 
an overview, although not complete literature review, over 
studies reporting results after PE. None of the studies have 
systematically assessed limb alignment with long-standing 
radiographs, and in most studies, it is not specified how limb 
alignment was examined.

The relatively high rate of secondary angular deformi-
ties might therefore to a large extent be contributed to the 
fact that this study is the first to present a systematic analy-
sis of lower limb alignment after PE with long-standing 
radiographs. Thus, we assume that the incidence of sec-
ondary angular deformities after PE is under-reported in 
former studies which report the results of PE. However, 
several studies have investigated the occurrence of sec-
ondary angular deformities based on adequate radio-
graphic examinations after temporary epiphysiodesis for 
LLD with different techniques.28,29

It is likely to assume that the partial failures of the phy-
ses to unite are due to inadequate surgical technique. 
However, in this study, the occurrence of secondary angu-
lar deformities was not surgeon dependent, but did corre-
late with the amount of remaining growth at the time of 

surgery. Computed tomography (CT) scans of the knee in 
failed epiphysiodeses indicate that percutaneous drilling 
was done at the correct level both in the AP and the sagittal 
plane (Figures 1–3). Nevertheless, the physes did not fuse 
and growth could be maintained, which might be attrib-
uted to the ability of the physes to repair the traumatic par-
tial destruction of the growth plate by the PE procedure. 
According to the original method for PE as described by 
Bowen and Johnson,1 “the peripheral one-third of the plate 
is ablated, leaving the middle and central one-third of the 
plate intact.” Some authors propose that secondary angular 
deformities after PE might be avoided by creating a central 
bone bridge in the growth plate.6,7,9,30 However, Canale 
and colleagues are somewhat unclear in their two papers6,9 
about their technique of PE if the central portion should be 
ablated. In the paper from 1990, Canale and Christian6 
state that “often, the medial and lateral defects can be con-
nected,” and Figure 3A in their paper illustrates ablation 
only of the peripheral parts of the physeal plate. Ogilvie 
and King30 describe a single portal approach for tibial epi-
physiodesis, an approach which necessarily would include 
central parts of the growth plate. For the femur, they do not 
report if central parts of the growth plate were ablated.

To our knowledge, there is no obvious evidence in the 
literature supporting the assumption that by ablation of the 
central parts of the growth plate, secondary angular defor-
mities could be avoided. However, this theory is interesting 
and worthwhile to consider. In this study, we observed a 
high rate of secondary angular deformities following a 
modified technique of the one described by Canale and 
Christian6,9 and Bowen and Johnson.1 We did not ablate 
central parts of the growth plate, but just the peripheral one-
third. In a former study, a single portal approach for tibial 
epiphysiodesis was used and growth was monitored by 
radio-stereo-metric analysis (RSA),31 a method which 
allows very accurate analysis of micro-movements such as 
growth.32 The single portal technique includes ablation of 
the central parts of the growth plate, and based on RSA, no 
asymmetric growth after the procedure was observed. A 
clinical study reporting the results of single portal approach 
for PE found no angular deformities,33 whereas one angular 
deformity for this approach was found in another study.19 
Gunderson et al.34 found in an RSA and CT study on 27 
patients (37 physes) on PE that “continuous confluencing 
bone-bridging formed in all patients centrally in the physis, 
except for 8 who had 2 separate small areas of bony healing 
laterally and medially in the femur.”

Table 3.  Frontal plane limb alignment parameters (mean and range values).

Patients/segments (n) Before surgery At latest follow-up Change p-value

MAD (mm) 88 patients 3.9 (0–21) 7.2 (0–71) 5 (0–71) 0.003
mLDFA (°) 71 segments 88.4 (84–93) 88.2 (72–97) 0.2 (0–17) 0.67
MPTA (°) 69 segments 88.7 (85–92) 88.3 (80–92) 0.4 (0–7) 0.051

MAD: mechanical axis deviation; mLDFA: mechanical lateral distal femoral angle; MPTA: medial proximal tibial angle.
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Figure 1.  Boy with CFD and fibular hemimelia in the right 
lower extremity (patient no. 2 in Table 4). PE left distal femur 
and left proximal tibia at chronological age 15.9 years and 
skeletal age 12.8 years. Within 9 months after surgery, the 
patient developed significant varus deformity in the femur. 
Remaining growth in the distal femur was 3.1 cm at the time of 
surgery.

The original technique as described by Bowen and 
Johnson1 and Canale6,9 was not safe in our patients, result-
ing in MAD of ≥10 mm in 9% of the patients. A modifica-
tion of the surgical technique to include central parts of the 
growth plate should at least be considered, especially when 
significant growth is remaining at the time of epiphysiode-
sis. There is no standard method to monitor the effect of 
PE. Physeal arrest might be documented by conventional 
radiographs.9 However, conventional radiographs of the 
knee are not considered sufficient to analyze the success of 
the procedure in terms of closure of the growth plate both 
medially and laterally.32 Therefore, long-standing radio-
graphs should be obtained at between 3 and 6 months after 
the procedure to detect any asymmetric growth. 
Alternatively, if available, tantalum beads might be 
implanted on each side of the operated physis to allow 
early detection of asymmetric growth by RSA.31,32,35

This study has certain limitations. First, preoperative 
long-standing radiographs were not available in all 
patients, and in these cases, limb alignment at latest 



406	 Journal of Children’s Orthopaedics 16(5)

follow-up of the operated side was compared with the 
untreated side. However, inclusion criteria were strict, and 
the untreated limb was only used for comparison when 
normal alignment was present. Another limitation is that 
we did not analyze the sagittal plane of the distal femur 
and the proximal tibia after PE, because sagittal long-
standing radiographs were not routinely obtained in these 
patients. However, there is reason to believe that angular 
deformities in the sagittal plane also might occur with a 
similar frequency as in the AP plane.

Conclusion

We found a high rate of secondary angular deformities 
after PE, and the occurrence and magnitude of 

deformities correlated with the amount of remaining 
growth at the time of surgery. A modification of the origi-
nal method for PE to include ablation of central parts of 
the growth plate might be considered. Patients who are 
operated with PE should be enrolled in a systematic fol-
low-up which allows for early detection of possible angu-
lar deformities, that is, long-standing radiographs before 
surgery and at 3–6 months after surgery or monitoring of 
growth by RSA.
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