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Abstract
Objectives: To report the incidence of overcorrection as complication following 
eight-plate application for genu varum/valgum deformities and its management.
Methods: This was a retrospective review of children who underwent growth 
modulation for genu varum/valgum between 2012-2019. Data of patients who had 
presented with overcorrection of their primary deformity, the reasons for such 
complication and its management were collected and analysed. 
Results: 110 children had undergone growth modulation during the study period. 
75 children (68%) had achieved deformity correction in mean time of 14.4 months 
and had their implant removed on time when intercondylar (ICD)/intermalleolar 
(IMD) distance was ≤ 5 centimeters (cms) and /or Hip Knee Ankle (HKA) angle 
was < ±6⁰. 29 children (26%) were lost to follow up. 6 children (5.4%) had presented 
with overcorrection of moderate to severe grade with mean ICD/IMD of 13.3 cms 
(range 11-18) and mean HKA angle of 14.3⁰ (range 11-21⁰). Mean age of initial 
surgery was 6.1 years (range 5-8). Mean time gap of presentation with overcorrection 
was 33.6 months (range 24-45). Lack of awareness, long distance of hospital, medical 
expenses were some of the notable reasons for irregular follow-up. All 6 had an open 
physes with growth remaining when they presented with overcorrection. These 
children managed with repeat growth modulation. Final correction was achieved at 
mean time of 15.3 months and underwent implant removal. At the latest follow up of 
4.4 years, limb alignment within physiologic limits was maintained. 
Conclusion: Children undergoing growth modulation should be carefully 
monitored with regular follow-up to avoid complication of overcorrection. 
Overcorrection beyond physiologic limits can be managed with repeat growth 
modulation in younger children with open physes. 
Keywords: Growth modulation, Genu valgum, Genu varum, Irregular follow up, 
Complication, Overcorrection.

Introduction
Growth modulation functions by tethering one side of the growing physis, thereby 
allowing differential growth to correct angular deformities of knee in younger 
children [1]. Staples, transphyseal screws and eight-plates are the various implant 
options available for guided growth. Eight-plates are the preferred choice for growth 
modulation surgery because of ease of its application, faster correction, reversible 
nature of epiphysiodesis and lesser complications related to hardware failure [2-5]. 
Close follow up is an important aspect of treatment protocol as correction needs to be 
monitored at regular intervals and implants are to be removed once the deformity is 
corrected. If implants are retained for too long, it can result in overcorrection of the 
deformity when the physis is active in young children. This may need additional 
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surgeries to correct opposite deformities [6, 7]. Very few 
studies in the literature have discussed in detail about the 
complication of overcorrection in growth modulation surgery 
and its management [5-8]. The purpose of this study was to 
report our experience of overcorrection as complication of 
growth modulation for coronal plane deformities of knee, its 
causes and approach to managing such complication. . 

Materials and methods
This is a retrospective study of patients who underwent growth 
modulation with eight-plate for correction of genu valgum or 
varum deformities. After institutional ethics board approval, 
patient electronic medical records from 2012-2019 were 
reviewed. Data of patients who had presented with significant 
overcorrection following growth modulation to our centre 
were collected and analyzed. A detailed clinical history and 
examination was performed in children presented with varum 
or valgum deformities of knee. For genu varum, intercondylar 
distance (distance between two medial femoral condyles) was 

noted in supine position with patella facing upward and ankles 
just touching each other. For genu valgum, intermalleolar 
distance (distance between two medial malleoli) was 
measured in supine position with knees just touching each 
other with patella pointing upwards [9]. Standing lower limb 
scanogram w ith  patel la  fac ing  for ward was  taken 
preoperatively and during follow-ups to look for mechanical 
axis angulation. Radiographically, mechanical axis of lower 
limb was measured as angle between mechanical axis of femur 
(centre of femoral head to centre of knee joint) and mechanical 
axis of tibia (centre of tibial spine to centre of ankle mortise). 
This angle is also known as Hip Knee Ankle (HKA) angle. The 
normal HKA angle is 0±3⁰ [10]. In valgus deformity, the 
mechanical axis is displaced laterally and the HKA angle 
becomes negative. In varus deformity, the mechanical axis is 
displaced medially and the angle becomes positive [10, 11]. 
The deformities are considered to be within physiologic limits 
when ICD is ≤ 5 cms in children up to 3 years for genu varum 
and IMD of ≤ 7 cms in children up to 4 years of age for genu 
valgum [12, 13]. Surgical treatment was given to patients aged 
more than 4 years with persistent deformities, with IMD/ICD 
more than 10 cms and/or HKA angle more than 10° [14]. The 
deformity is said to be overcorrected beyond physiologic limits 
when ICD/IMD is > 10 cm in the opposite direction. 
The contact details of patients who were lost to follow up with 
retained implants were also retrieved and attempts were made 
to contact them to enquire current status of their knee 
deformity, whether plates are still in place or removed 
elsewhere. Patients were asked to send their standing clinical 
photograph with both patellae facing forward to evaluate 
deformity correction. They were also requested to attend the 
outpatient clinic for detailed clinical and radiological 
evaluation to look for any overcorrection.

Results
A total of 110 children had undergone growth modulation for 
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Figure 1: Radiograph of a child presented with bilateral genu 
valgum as initial deformity (a), underwent growth 

modulation of distal femur at 6 years of age (b), presented 
with overcorrected genu varum deformity (c), underwent 

repeat growth modulation (d), achieved deformity 
correction after 20 months of second surgery (e), radiograph 

of both knees following implant removal (f).

Figure 2: Radiograph of a child presented with bilateral genu 
varum with tibial intorsion who underwent growth 
modulation of distal femur with bilateral derotation 

osteotomy (a), 3 months follow up radiograph showing 
healed osteotomy (b), presented with overcorrected genu 

valgum after 38 months of initial surgery (c), repeat growth 
modulation was performed (d), deformity correction was 

obtained in 13 months time (e).

Figure 3: Scanogram of a 5 y old child with bilateral genu 
varum deformity (a), had undergone growth modulation of 
proximal tibia (b), presented with implant back out of left 

side with residual varus deformity at 9 months follow up (c), 
underwent reapplication of eight-plate on lateral aspect of 

proximal tibia physis and implant removal on right side, 
presented with left sided genu valgum (d, e), achieved 

deformity correction after 18 months (f, g).
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genu valgum or varum correction during the study period. 29 
children (26%) were lost to follow up. Out of remaining 81, 75 
children had their implants removed on time following 
deformity correction (IMD/ ICD ≤ 5 cms and/or HKA angle≤ 
6⁰). 6 children had presented with significant overcorrection of 
their original deformity during the study period. 2 of these had 
bilateral genu valgum, 4 children had bilateral genu varum as 
primary deformities for which initial growth modulation 
surgery had been undertaken. 3 were males and 3 were females. 
Mean age was 6.1 years (range 5-8) when they underwent first 
eight-plate insertion. The etiology of these deformities were 
idiopathic in 2 patients; 3 were due to rickets and 1 due to 
skeletal dysplasia (Table 1).
 Mean time gap of presentation with overcorrection following 
index surgery was 33.6 months (range 24-45). All children had 
overcorrection of moderate to severe grade with mean 
ICD/IMD of 13.3 cms (range 11-18) and HKA angle of 14.3⁰ 
(11-21). As there was minimum of 2 years of skeletal growth 
remaining with open physes, these children were treated with 
implant removal and reapplication of 8 plate on the opposite 
end of the physis in the same sitting. Patients were followed up 
every 3 months and correction monitored with clinical 
examination and standing hip to ankle scanogram. Mean time 
taken for final correction was 15.1 months (range 11-20). All 6 
children underwent implant removal when ICD/IMD was ≤ 
5cms and/or HKA angle ≤ 6⁰. At the latest mean follow up of 
4.4 years (range 2-8), normal limb alignment was maintained 
(Figure 1,  2,  3). 
It also prompted us to check our data for children who were lost 
to follow-up and any occurrence of overcorrection in them. It 
showed 26% children (29 out of 110 ) were lost to follow up 
with retained implants. When we attempted to contact these 
patients, 14 of them (12.7%) were untraceable. Their final 
deformity correction could not be evaluated. 5 patients had 
their implants still in place and had reached skeletal maturity 
without complications. 10 patients had their implant removal 
at a different centre.

Discussion
Growth modulation surgery is a safe and an efficient method to 
treat angular deformities of knee but it needs careful 
preoperative planning and appropriate follow up to avoid 
complications such as under or overcorrection [1, 5, 14]. A 
mild overcorrection is recommended to address the rebound 
phenomenon and avoid relapse of deformity in children with 
high growth potential but the line between this and 
pathological over correction is not clearly defined in the 
literature [7, 15]. The recommended treatment for mild 
overcorrection is observation and for moderate to severe 
overcorrection, repeat growth modulation or corrective 
osteotomy is advised [14]. 
Zajonz et al [7] reported 3 cases of overcorrection (out of 198 
eight plate implantations for genu valgum) as complication due 
to lack of compliance to follow up. 2 of these patients 
underwent corrective osteotomy as growth was complete at the 
time of review with the opposite deformity. Vaishya et al16 
reported 2 cases of overcorrection which gradually corrected 
on subsequent follow up in their series of 24 children with genu 
valgum. Kemppainen et al [6] in their study of incomplete 
follow ups and its associated complications in 200 children 
treated with eight-plate, noted 4 cases of overcorrection in 23 
children (17.3%) who were lost to follow up with retained 
implants. 2 of these children underwent corrective osteotomies 
to remedy their overcorrection.
The rate of overcorrection complication in our study was 5.4% 
and it was attributable to irregular follow-up. Greater distance 
from home to the hospital, lack of awareness of possible 
overcorrection, medical expenses, associated medical 
comorbidities and lack of a formal referral system were some of 
the noted reasons contributing to irregular follow-ups in our 
series. All 6 children had moderate to severe grade of 
overcorrection when they presented to our clinic after the 
period of loss to follow up. Following radiological confirmation 
of open physes and minimum 2 years of growth remaining, 
these children were offered repeat growth modulation to 
correct their opposite deformities. It was also noted that a 
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Patient no Initial deformity

Age at primary 

surgery (years+ 

months)

Sex 

(M/F)
Etiology 

Time gap of 

presentation with 

opposite deformity 

(months)

HKA angle of 

overcorrection 

(degrees)

IMD/ICD of 

overcorrection 

(centimeters)

Time for final 

deformity correction 

(months)

1 Genu valgum (B/L) 7 F Idiopathic 28 12 12 11

2 Genu varum (B/L) 6 M Rickets 24 11 13 18

3 Genu valgum (B/L) 8 M Rickets 35 21 18 20

4  Genu varum(B/L) 5 F idiopathic 32 14 11 12

5
Genu varum with 

tibial in-torsion(B/L)
6 M

Skeletal 

dysplasia
38 12 15 13

6 Genu varum (B/L) 5 F Rickets 45 16 11 17

Table 1: Clinical details and outcome assessment of children included in the study

(B/L- Bilateral, M-male, F-female, HKA- Hip Knee Ankle, IMD- Intermalleolar distance, ICD-Intercondylar distance)
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significant proportion of children (14 out of 110, 12.7%) were 
lost to follow up with retained implants with whom contact 
could not be established. It is not known whether any of these 
children had overcorrection as 9 of these children had more 
than two years of growth remaining when eight-plates were 
applied.
The current study reiterates the importance of appropriate 
follow-up and timely implant removal to avoid complication of 
overcorrection. Proper counselling and hazards of inadequate 
follow-up have to be explained to the parents during the 
preoperative counselling. Parents and families have to be 
stressed about the need of implant removal at appropriate time 
during every follow-up. Whenever possible, maintenance of a 
separate growth modulation registry and notifying those 
parents/families who fail to come for follow-up after specified 
time period may prevent these adverse events. To the best of 
our knowledge, this is the first study describing overcorrection 
and its management in detail in younger children with open 

physes who underwent growth modulation surgery. 
There are some limitations of our study. It is a retrospective 
study with a small sample size. Longer follow up till skeletal 
maturity is ideal in these children to monitor for any recurrence 
of deformity. There are no case examples who might need 
corrective osteotomy due to completion of skeletal growth for 
rectifying overcorrection in our series.

Conclusion
Children undergoing growth modulation surgery should be 
carefully monitored with regular follow-up to avoid 
overcorrection. The surgeon should take an active role in 
educating parents regarding the importance of timely follow up 
and the necessity for implant removal following complete 
correction of the deformity. Pathological overcorrection can be 
managed with repeat growth modulation using eight plate in 
younger children with open physes. 
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