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Postoperative growth rate affects time
to growth arrest after percutaneous
physiodesis: A radiostereometric analysis

Maria Wingstrand', Maria Elfving?, Gunnar Higglund',
and Henrik Lauge-Pedersen'

Abstract

Purpose: The aim of this study was to determine the time at which physeal arrest is achieved after percutaneous
physiodesis, and whether immediate postoperative growth rate affects the time to reach physeal arrest.

Methods: Radiostereometric analysis, with implantation of tantalum balls as radiographic markers on each side of
the physes, was used to measure residual longitudinal growth in 21 children (10 boys and || girls) after percutaneous
physiodesis for leg length discrepancy or extreme tall stature. In total, 25 femoral and 20 tibial physes were operated on.
Median age at surgery was |3.9years (range= | 1.4-16.1). Radiostereometric analysis was performed postoperatively and
after 3, 6, 9, 12, 26, and 52 weeks. Longitudinal growth rate <50 um per week was defined as physeal arrest. Descriptive
statistics were used for evaluation.

Results: Physeal arrest was obtained in 19 of the 21 children (40 physes) within 12weeks postoperatively. One child
was reoperated on in three out of four physes because of continued growth, and in one child, delayed physeal arrest was
present at 26 weeks postoperatively. Time to physeal arrest was longer in physes with a higher immediate postoperative
growth rate.

Conclusion: Postoperative follow-up with radiostereometric analysis at 12 and 15weeks can determine whether
physeal arrest has been achieved. The immediate postoperative growth rate after physiodesis seems to affect the time
to physeal arrest. This implies that the risk for complications is greater for children during an accelerated growth period,
for example, in boys, younger children and in distal femoral physes.

Level of evidence: level lll.
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reasonable to assume that it would take a longer time to
achieve physeal arrest in the distal femur than in the prox-
imal tibia. Young children have more residual growth than

Introduction

Percutaneous physiodesis around the knee is widely used
for treating leg length discrepancy (LLD) and has also
been used for treating expected extremely tall stature.!

There is a risk that complete physiodesis does not occur,
which can result in malalignment or failed length correc-
tion.>” For this reason, we routinely follow children
treated with percutaneous physiodesis postoperatively
with radiostereometric analysis (RSA) until physeal arrest
is achieved. RSA is a very precise technique with errors of
measurements of translation <50 um for this specific fol-
low-up.®” The distal femoral physis has a higher growth
rate than the proximal tibial physis. It is therefore
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Figure |. Radiostereophotogrammetric analysis
postoperatively of patient no. 5. The tantalum markers in the
epiphysis and metaphysis of both tibia and femur are marked
with a circle. Additional markers in the image are from the
reference and calibration device.

older children, which could mean that it would take a lon-
ger time to achieve physeal arrest in younger children.
Furthermore, boys grow at a faster rate than girls, which
could mean that girls reach physeal closure sooner than
boys. The aim of this study was to measure the time
between physiodesis and physeal arrest in relation to the
type of physis (femur or tibia), sex, and age by RSA and
to create an algorithm for follow-up after physiodesis.

Material and methods

Twenty-one children (10 boys, 11 girls, 25 femoral phy-
ses, 20 tibial physes) underwent percutaneous physiode-
sis under fluoroscopy using an 8-mm drill. Median age at
surgery was 13.9years (girls=11.4-15.6; boys=12.4—
16.1). The indication for surgery was LLD in fifteen chil-
dren and extremely tall stature in six children. To facilitate
radiostereometric follow-up with segment motion analy-
sis, tantalum balls with a diameter of 0.8 mm were
inserted percutancously using a stainless-steel cannula
with a beveled tip and a hand-operated piston. Three
medial and three lateral markers were inserted in a trian-
gular pattern in both the metaphysis and the epiphysis on
both sides of the growth plate (Figure 1). RSA was used

to determine the three-dimensional skeletal dynamics of
the epiphysis relative to the metaphysis, which indicated
the rate of growth retardation.® Each RSA examination
was performed with the patient in the supine position
using two 90 degree-angulated roentgen tubes. This posi-
tion facilitated simultaneous exposure of the knee with
the implanted tantalum markers to a combined reference
and calibration device with similar tantalum markers
placed at known positions on two separate unipolar films.
The two-dimensional distances between the images of
the tantalum markers on the two films provided the input
data for computerized conversion to a three-dimensional
coordinate system using UmRSA software (RSA
BioMedical, Umea, Sweden; rsabiomedical.com).
Thereafter, the three-dimensional dynamics of growth
retardation between consecutive RSA examinations
could be calculated. RSA was performed postoperatively
and after 3, 6, 9, 12, 26, and 52 weeks. Physeal arrest was
defined as a longitudinal growth rate <50 pm per week,
which is the lower limit of detection of the method.”

Statistics

Descriptive statistics were performed using mean or
median and range for continuous variables and absolute
numbers and percentages for categorical and ordinal
variables. The results are presented with interquartile
range (IQR). To have an equal number of patients in the
groups compared, an initial growth rate below or above
95 um/week and age below or above 13.9years were
chosen as limits.

Results

The median immediate postoperative growth rate (at
3 weeks postoperatively) was 95 um/week (range=3.3—
276.7 um/week) (Table 1). The first patient in the series
continued to grow in three out of four operated physes.
The distal femoral physis of the left leg went to physeal
arrest after 26 weeks (additional RSA controls were per-
formed at 21 and 36 weeks due to the continued growth).
The other three physes continued to grow and underwent
a re-physiodesis with the Blount staples 38 weeks after
the primary drill physiodesis. Continued RSA analyses
confirmed physeal arrest in all physes 3 weeks after the
reoperation. In one patient (no. 14), the distal femoral
physis stopped growing at 26 weeks. In all remaining
children, physeal arrest occurred within 12 weeks (tibia
median, 6weeks; femur median, 9weeks) (Table 1).
Physes with immediate postoperative longitudinal growth
rate >95 um/week showed a median growth rate with
IQR <50pum/week at 12weeks postoperatively, while
those with postoperative growth rate =95um/week
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Table I. Individual postoperative growth rates after percutaneous physiodesis.

Patient

Age at operation

Male/female Tibia=T, femur=F

Longitudinal growth um (in bold first time <50 um/week)

number  (years, months)
3weeks 6weeks 9weeks 12weeks 26weeks 52weeks
| 12.4 M T 166.0 150.0 147.0 177.0 230.0 <50.0*
M F 217.0 230.0 253.0 270.0 316.0 <50.0*
M T 173.0 180.0 187.0 217.0 222.0 <50.0*
M F 230.0 187.0 200.0 163.0 27.0 <50.0
2 15.1 M F 160.0 36.0 23.0 6.7 2.5 29
3 13.1 M T 140.0 20.0 133 20.0 9.2 5.4
4 12.7 M T 26.7 26.7 20.0 23.0 33 1.7
M F 533 533 10.0 10.0 25 29
M T 10.0 10.0 33 0.0 4.2 1.2
M F 83.3 833 233 133 5.0 25
5 13.9 F T 30.0 33 16.7 133 33 0.8
F F 103.3 46.7 30.0 16.7 5.0 1.2
6 153 F F 46.7 96.7 36.7 30.0 5.0 2.5
7 1.4 F T 206.7 100.0 60.0 16.7 15.8 6.2
8 13 F F 237.7 146.7 50.0 26.7 25 0.8
9 15.1 F T 66.7 333 33 6.7 0.8 0.4
F F 126.7 70.0 733 13.3 0.6 6.7
F T 60.0 30.0 6.7 6.7 25 0.4
F F 103.3 70.0 36.7 6.7 14.2 1.7
10 14 F T 13.3 36.7 10.0 6.7 8.3 04
F F 3.3 20.0 33 6.7 83 3.8
F T 13.3 10.0 26.7 13.3 14.2 2.5
F F 20.0 10.0 16.7 33 5.0 1.2
I 14.8 M F 126.7 126.7 30.0 30.0 5.8 0.0
12 14.1 M F 533 533 36.7 33 5.8 0.4
13 16.1 M T 30.0 30.0 16.7 26.7 2.5 0.8
M F 1133 53.3 46.7 6.7 5.0 29
14 13.8 M T 136.7 136.7 40.0 26.7 133 0.8
M F 206.7 206.7 123.3 93.3 14.2 4.6
I5 14.1 M T 20.0 39.0 30.0 30.0 0.8 0.4
M F 110.0 18.7 30.0 10.0 1.7 1.2
16 12.1 F F 36.7 20.0 20.0 6.7 1.7 1.7
17 134 M T 210.0 42.7 30.0 233 9.2 0.8
M F 276.7 153.3 76.7 40.0 42 29
18 12.5 M F 3.3 33 533 20.0  Missing 9.6
19 1.5 F T 86.7 0.0 20.0 33 7.5 25
F F 96.7 46.7 13.3 20.0 0.0 29
20 12 F T 56.7 13.3 133 33 6.7  Missing
F F 146.7 36.7 36.7 0.0 5.0 Missing
F T 50.0 23.3 233 10.0 9.2  Missing
F F 143.3 30.0 30.0 33 5.8  Missing
21 12.8 F T 60.0 35.7 3.3 Missing Missing  Missing
F F 193.3 233 26.7 Missing Missing  Missing
F T 50.0 16.0 13.3  Missing Missing  Missing
F F 170.0 333 16.7 Missing  Missing  Missing

*Patient no | reoperated on both tibia and right femur as a result of the RSA results after 26 weeks.
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Figure 2. Growth rate after physiodesis in relation to immediate postoperative growth rate (at 3 weeks). Growth rate <50 um/
week (the dotted line) is considered physeal arrest. The interquartile range is illustrated by error bars in the figure.

stopped correspondingly at 6weeks postoperatively
(Figure 2). Femoral physes, boys, and children <14 years
of age at the time of surgery showed a median growth
rate with IQR <50 um/week at 12 weeks postoperatively.
Children =14 years of age reached the desired median
growth rate at 9 weeks, while for girls and tibial physes,
this occurred at 6 weeks (Figures 3-5).

Discussion

Physiodesis is a relatively safe intervention, although com-
plications are potentially serious resulting in malalignment

or LLD if they are not identified early. Most centers pro-
vide follow-up after physiodesis but only by clinical and
radiographic means. In our view, plain radiographs do not
provide sufficient information to decide whether the phy-
sis is still active (Figure 6(a) and (b)) because it is often
still visible on radiographs long after physeal arrest.
Subsequent malalignment indicates that physeal growth is
not terminated but by then, it is too late for correction by
re-physiodesis. Accordingly, we have routinely used RSA
for follow-up after percutaneous physiodesis for more than
15years. Growth arrest after percutaneous physiodesis is
not instantaneous, but in almost all cases, physeal growth
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Figure 3. Growth rate after physiodesis in relation to age. Growth rate <50 um/week (the dotted line) is considered physeal
arrest. The interquartile range is illustrated by error bars in the figure.

has stopped within 12 weeks after physiodesis (Table 1 and
Figures 2-5). The distal femur normally grows at a faster
rate than the distal tibia and boys normally grow faster
than girls. The common factor is a higher immediate post-
operative growth rate as illustrated in Figures 2—5. This
study shows that the growth rate at the time of physiodesis
is an important indicator of the time to reach physeal arrest.
This suggests that in children in periods of accelerated
growth, careful follow-up should be considered to detect
continued growth after physiodesis if RSA is not available
for follow-up. While the number of patients in this study is
relatively small, the method used is very precise,®’ thereby

reducing the number of patients needed for us to achieve
significant results.

In some patients, early reduction in growth rates was
followed by accelerating growth (patient no. 1, 5, 6, 10,
15, 18, and 19). A reasonable explanation could be that
drilling the physis sometimes results in a small collapse
of the physis that would tend to resemble growth retar-
dation. After this early collapse, the physis continues to
grow resulting in accelerating growth values. The
amount of physis needing to be destroyed using the per-
cutaneous technique is not known. In an RSA study by
Gunderson et al.,® the amount of physis destroyed varied
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Figure 4. Growth rate after physiodesis for femur and tibia. Growth rate <50 pm/week (the dotted line) is considered physeal
arrest. The interquartile range is illustrated by error bars in the figure.

between 17% and 69%. They found a negative correla-
tion between postoperative growth and the amount of
physis destroyed. We did not perform computed tomog-
raphy (CT) scans of the patients in this study, but it could
have been of value to determine the relationship between
immediate postoperative growth rate and the amount of
physis destroyed. In three children, postoperative RSA
results are missing due to patient noncompliance. We did
not admit these patients for new RSA measurements at
that point as we recognized that physeal arrest had
already been achieved. Nevertheless, the missing data
are a limitation of this study. The statistical analysis

focused on physes, not patients. It is likely that measure-
ments of postoperative growth in different physes in the
same patient are dependent measurements. We used
descriptive statistics instead of a mixed model statistical
analysis to overcome this limitation. As a consequence
of this study, we now perform RSA after 12 and 15 weeks.
If the growth rate is <50 um/week between 12 and
15 weeks post-surgery, we feel confident to cease fol-
low-up of that patient. If the growth rate is >50 pm/
week, we repeat the RSA and decide on a case-by-case
basis when to intervene with re-physiodesis (Figure 7).
Our suggestion is that RSA is repeated within 6 weeks. If
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Figure 5. Growth rate after physiodesis for boys and girls. Growth rate <50 pm/week (the dotted line) is considered physeal
arrest. The interquartile range is illustrated by error bars in the figure.

repeated RSA shows no sign of decrease in growth rate,
re-physiodesis should be considered.

Different surgical techniques, that is, the percutane-
ous screw technique,’ are likely to demonstrate different
lag times to physeal arrest. According to the data in this
study, there is some remaining growth following drill
physiodesis. However, excluding the one patient who

had a reoperation in three out of four physes and the
patient with delayed physeal arrest, this growth is very
small, median 0.6 mm (range=0.2—1.8 mm) during fol-
low-up, thus not clinically significant. The use of RSA
allows for clinicians to determine the surgical technique
with the fewest complications and the least amount of
lag following physiodesis.
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Figure 6. Patient no 5. radiographs at (a) 6 weeks and (b) 6 months postoperatively showing visible physes. The tibia physis went
to physeal arrest at 3 weeks postoperatively and the femur physis at 6 weeks postoperatively according to the RSA results (Table I).
Even at 6 months, it is not possible to rule out activity in the physis, although signs of physiodesis are present.

Physiodesis
Further RSA or repeat
physiodesis
RSA
12 weeks '
i Ph | t?
15 Sisaks — yseal arrestr

@ —) Clinical follow-up

Figure 7. Algorithm for follow-up after physiodesis.
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