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Background and purpose — The primary aim of this
systematic review and meta-analysis was to evaluate the
success rate of 3 different epiphysiodesis techniques with
implant usage for the treatment of leg-length discrepancy
(LLD) in the pediatric population. The secondary aim was to
address effectiveness (final LLD) and the reported complica-
tions of staples, tension-band plates (TBP), and percutane-
ous epiphysiodesis screws (PETS).

Methods — In this systematic review we searched MED-
LINE (PubMed), Embase, Cochrane Library, Web of Sci-
ence and Scopus for studies on skeletally immature patients
with LLD treated with epiphysiodesis with an implant. The
extracted outcome categories were effectiveness of epiphys-
iodesis (LLD measurements pre-/postoperatively, successful/
unsuccessful) and complications that were graded on severity.

Results — 44 studies (2,184 patients) were included.
455 underwent epiphysiodesis with PETS, 578 patients with
TBP, and 1,048 with staples. Successful epiphysiodesis was
reported in 76% (95% confidence interval [CI] 61-89) with
PETS (9 studies), 67% (CI 54-79) with TBP (10 studies),
and 51% (CI 28-65) with Blount staples (8 studies). From
pooled analysis, the severe complications rate was 7% for
PETS, 17% for TBP, and 16% for Blount staples. Angular
deformity was reported in 4% after PETS, 10% after TBP,
and 17% after Blount staples.

Conclusion — Our results showed that epiphysiodesis
with PETS implants was the most successful technique.
PETS had a higher success rate, fewer severe complications,
and a lower proportion with angular deformity.

Epiphysiodesis, defined as the process of closing the growth
plate (physis), has been used for several years as a treatment
option in cases where the predicted leg-length discrepancy
(LLD) falls between 2 and 5 cm [1].

Reversibility of epiphysiodesis was an aspect that Blount
and Clarke [2] first attempted to use by positioning staples
spanning the physis on both the medial and lateral side.
However, staples have been linked with several complica-
tions, especially with hardware failure resulting in angular
deformities [3]. In 2007, Stevens [4] introduced an alternative
method for reversible epiphysiodesis, which involved utiliz-
ing an eight-plate along with 2 non-locked screws, also known
as tension-band plates (TBP). TBP can function as a flexible
tension band construct, meaning it does not apply immedi-
ate and direct compressive force but theoretically places the
fulcrum outside the bone, giving different compressive force
on the physis compared with staples [5]. In addition, percu-
taneous epiphysiodesis with transphyseal screws (PETS) has
been used as another technique of guided growth because it
imposes direct compressive stress across the physis and slows
growth [6].

The efficiency in terms of growth arrest and success rate, as
well as the complications of these techniques, remains contro-
versial [7-8], and as a result a systematic review was indicated.

The primary aim of this systematic,review and meta-analy-
sis was to evaluate the success rate of 3 different epiphysio-
desis techniques with implant usage for the treatment of leg-
length discrepancy (LLD) in the pediatric population. The sec-
ondary aim was to address effectiveness (final LLD) and the
reported complications of staples, tension-band plates (TBP),
and percutaneous epiphysiodesis screws (PETS).
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Methods

This systematic review and meta-analysis were performed
according to Preferred Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [9] and registered with
PROSPERO (CRD42023465953).

Information sources and search strategy

We identified eligible studies by conducting a systematic
search of electronic databases using a predetermined search
strategy. Our search encompassed MEDLINE (PubMed),
Embase, the Cochrane Library, Web of Science, and Scopus
(last search date May 25, 2023). The search was carried out
using combinations of the terms ‘“epiphysiodesis,” “limb
length discrepancy,” “leg length discrepancy’, “physiodesis,”
“tension band plating,” “guided growth,” and “eight plate”.
Table S1 (see Supplementary data) presents the search strat-
egy. To avoid including redundant or duplicated samples, we
meticulously compared all the studies. If any overlap was
identified, we selected the study with the highest count of
events for inclusion. We did not impose any limitations based
on publication dates or language. Moreover, to guarantee
comprehensive coverage of the available literature, we per-
formed an extensive search of the reference lists of the stud-
ies that were included, relevant reviews identified through our
systematic search, and the personal archives of the authors.

Eligibility criteria

Inclusion criteria were as follows: (i) skeletally immature
pediatric population, defined as growth being complete at age
14 years for girls and age 16 years for boys; (ii) LLD that
was treated surgically; and (iii) use of 1 of the following epi-
physiodesis techniques: staples, TBP or PETS, or any other
epiphysiodesis technique with an implant.

Exclusion criteria were: (i) nonoperative treatment of LLD,
or leg lengthening surgical treatment; (ii) epiphysiodesis for
tall stature; (iii) hemiepiphysiodesis and angular deformity cor-
rection; and (iv) permanent epiphysiodesis treatment including
Phemister and the modified Phemister technique, percutaneous
epiphysiodesis (PE) with drills/curette, or any other percutane-
ous technique that was mentioned as permanent epiphysiodesis.

Considering the study’s design, randomized controlled trials
(RCTs), controlled (non-randomized) clinical trials (CCTs),
prospective and retrospective cohort studies, case-control or
nested case-control studies, analytical cross-sectional stud-
ies, and case series were eligible for inclusion. Only human
studies were included. We excluded case reports (defined as
articles that describe and interpret 1-3 individual cases), let-
ters, editorials, reviews, and commentaries.

Intervention: surgical techniques information

PETS employs percutaneously introduced cannulated “lag
screws” under fluoroscopy to achieve permanent physis com-

pression, thereby inhibiting further growth through the physis.
These lag screws are positioned on both the medial and lateral
sides of the physis and can be oriented either in parallel or,
more commonly, in a crossed configuration [6].

The Blount staples technique necessitates the placement of
3 staples per side around the physis, with each staple having 2
leg anchored in the metaphysis and the other in the epiphysis
on both the medial and lateral sides [2]. Like staples, TBP are
positioned on both the medial and lateral sides of the physis,
with one portion firmly anchored in the metaphyseal bone and
the other in the epiphyseal bone [5].

Selection process

All studies identified through the search strategy were sub-
jected to screening based on the eligibility criteria. The lit-
erature search was carried out independently by 2 authors
(MT and JFJ), and any disagreements were resolved through
discussions to establish a consensus. If consensus remained
elusive, a third author was consulted for guidance.

Data-collection process

The characteristics of each study included in the analysis were
assessed using a predefined data extraction form outlined in
the Cochrane Handbook for Systematic Reviews. 2 review-
ers independently extracted the following information from
each study: study details (first author, publication year, and
country), study type, epiphysiodesis type, study duration,
inclusion/exclusion criteria, preoperative assessments (skel-
etal maturity definition, timing of epiphysiodesis, predicted
length at maturity), surgery details (technique, postoperative
protocol), sample size, mean age, sex, etiology of limb length
discrepancy (LLD), side and bone of epiphysiodesis, and fol-
low-up duration.

The main outcome was considered effectiveness of epiphys-
iodesis by success rate (success/failure). Secondary outcomes
were effectiveness by final LLD (LLD measurements pre-/
postoperatively), physeal fusion/arrest or efficacy of the epi-
physiodesis, and complications. Complications were classi-
fied using the system developed by Black et al. [10] (Table 1).
MT identified and assessed all complications for severity, and
a second reviewer (SK) independently evaluated and graded
them. In instances of disagreement between reviewers, a con-
sensus discussion was conducted to resolve discrepancies.

A proportional meta-analysis was conducted for the main
outcome of success rate of each surgical technique. A system-
atic review was undertaken, presenting a combined analysis,
and a narrative synthesis of the findings was performed for
final LLD and complications.

Quality assessment

2 reviewers conducted an independent assessment of the qual-
ity of the studies included. In cases where there was a discrep-
ancy between the decisions made by the 2 reviewers, a third
reviewer examined the content and made the determination
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Table 1. Complication classification according to Black et al. [10]

Category Definition Examples

| Minimal intervention required;
treatment goal still achieved.

Infection treated by antibiotics, effusion/edema, hematoma/hemarthrosis, knee pain,
reduced knee range of motion, wound dehiscence/healing, skin burn/skin blistering,

peroneal nerve neuropathy.

1] Substantial change in treatment plan;
treatment goal still achieved.

Further surgical intervention/reoperation, infection treated by debridement or revision,
wound dehiscence/healing if additional surgery is required, skin burn/skin blistering if

additional surgery is required.

IIA  Failure to achieve treatment goal;
no new pathology or permanent sequelae.

IlIB Failure to achieve treatment goal and/or new
pathology or permanent sequelae developed

Fracture, failure of growth plate arrest, failure to achieve adequate reduction in LLD,
additional surgeries needed for LLD treatmen.t

Overcorrection, angular deformity, genu recurvatum, asymmetrical closure of the
growth plate with progressive malalignment, exostosis, neurapraxia.

Records identified (n = 1,469):
- PubMed, 403

- Embase, 376

- Cochrane, 3

- Web of Science, 276

- Scopus, 411

Duplicate records removed
— before screening
n =796

Records screened
n=673

Records excluded
n=613

Reports sought for retrieval
n =60

Reports not retrieved
n =1

Reports assessed for eligibility
n =59

Reports excluded (n = 15):

- Epiphysiodesis technique
not defined, 3

- Review, 4

- Opinion/experience, 2

- Fibular overgrowth, 2

- Not enough information, 3

- Case report, 1

Reports included in
review (n = 44):
-TBP, 13
- PETS, 7
- Blount staples, 8
— More than 1 technique, 16
|
Meta-analysis of effectiveness
n=21

Figure 1. Flowchart of selection process for included studies.

regarding inclusion or exclusion. The methodological quality
of the studies was evaluated using the Methodological Index
for Non-Randomized Studies (MINORS) for non-randomized
studies [11]. Each item in the MINORS criteria was scored as
0 (not reported), 1 (reported but inadequate), or 2 (reported
and adequate). The maximum achievable score is 16 for non-
comparative studies and 24 for comparative studies. For the

MINORS criteria along with explanations for each item, see
Supplementary data.

Statistics
A meta-analysis of proportions was conducted for the avail-
able information on successful/unsuccessful LLD treatment
(success rate) as the main outcome of effectiveness. Forest
plots for all 3 methods were made to illustrate group-specific
results. Inconsistency was assessed using 12, describing the
percentage of total variation across the studies due to het-
erogeneity rather than chance (low inconsistency: 12 < 40%,
moderate inconsistency: 12 between 30% and 60%, substantial
inconsistency: 12 between 50% and 90%, large inconsistency:
12 >75-100%). The meta-analysis was performed with a stan-
dard pairwise, using a random effect model, meta-analysis
(REML). Sensitivity analysis was additionally performed.
The analyses were conducted in STATA 18.0 (StataCorp
LLC, College Station, TX, USA).

Ethics, data sharing, funding, use of Al, and disclosures

An ethics statement is not applicable because this study is
based on published literature. The data that supports the
findings of this study is available from the corresponding
author upon reasonable request. There was no use of artifi-
cial intelligence (AI) for the production of the current study.
There was no funding for this study. The authors declare no
conflicts of interest. Complete disclosure of interest forms
according to ICMIJE are available on the article page, doi:
10.2340/17453674.2024.41104

Results
Data search results

The initial search across the specified databases produced a
total of 1,469 articles. After eliminating duplicates and assess-
ing titles and abstracts based on eligibility criteria, 59 articles
were identified for a comprehensive review of their full texts.
The screening process involved the application of both inclu-
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Number of Tension-band plates No. of successes per  Weight alSO permanent epiphysiodesis techniques (percu—
Study successes Total Random-effects REML model 100 obs. with 95% CI (%) . . . . .

taneous epiphysiodesis, Phemister technique) we
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Domirel 2022 o 1 - 546 (20.2-83.3) 65 exclusively extracted and presented information
Erdal 2022 24 2 —B  923(78.2-99.9) 1.5 considering staples, TBP, or PETS, or any other
De Pellegrini 2021 0 22 —-  909(745-99.8) 1.0 epiphysiodesis technique with an implant. 21
Joeris 2017 2 82 — 65.6 (48.2-61.9) 121 studies were included for the meta-analysis. The
Jochymelc2015 ! S 776 (140994 """ literature selection process, in accordance with
Younis 2022 9 17 —a— 52.9 (28.8-76.4) 10.1 R .P I K K
Vogt 2021 18 a8 —.— 47.4 (31.6-63.4) 1256 the PRISMA guidelines, is depicted in Figure 1.
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Lykissas 2013 5 9 —a— 55.6(21.9-87.0) 77 Quality assessment of included studies
Overall - 67.0 (54.1-78.9)

ity: 2= 2 = 69%. H2 = T
Heterogeneity: 1= 0.10, I? = 69%, H? = 3.2 0 50 100

Test of ©, = ©; Q(9) = 28.6, P = 0.00

Test of © = 0: z=12.9, P = 0.00

Figure 2. Forest plot of TBP (tension-band plates) and success rate.

Cl = confidence interval, T2 = between-study variance, |12 = inconsistency.

In non-comparative studies, the mean MINORS
score was 8 (n = 32, ranging from 3-11, with an
optimal score of 16). Comparative studies exhib-
ited a mean MINORS score of 14 (n = 12, rang-
ing from 12-17, with an optimal score of 24). A
detailed breakdown of scores for each study can
be found in Table S4 (see Supplementary data).

Number of Percutaneous epiphysiodesis screws No. of successes per  Weight
Study successes Total Random-effects REML model 100 obs. with 95% CI (%)
Dodwell 2017 79 82 - 96.3(90.9-99.5) 12.9 Demographic Characterisﬁcs
;Z:?:T;f, :: :2 __._. z;; S;?:Zz;; :z: 2,184 patients were included. 578 underwent epi-
liharraborde 2012 21 45 _— 46.7 (32.2-61.4) 12.3 physiodesis with TBP, 455 with PETS, 1,048 with
Noih 2004 5 9 — 55.6 (21.9-87.0) 8.7 staples, and 103 with rigid staples. Most of the
Metaizeau 1999 »o —@—  ssEsewma s included studies were retrospective observational
Younis 2022 9 15 D m— 60.0 (33.8-83.7) 10.2 . . . .
Lykissas 2013 12 2 - 546 (33.6-75.1) 114 studies/case series/retrospective review, except for
Campens 2010 11 15 ——W—  733(47.7-932) 102 1 cost analysis and 1 prospective study also with
Overall —~ 76.1 (61.0-88.7) use of retrospective data. 32 studies were published

Heterogeneity: t?= 0.18, 12 = 85%, H> = 6.5
Test of ©, = ©: Q(8) = 64.8, P = 0.00 ‘ : ‘
Testof ® =0:z=11.9, P = 0.00 0 50 100

Figure 3. Forest plot of PETS (percutaneous epiphysiodesis screws) and success

rate. For abbreviations, see Figure 2.

between 2010 and 2022, 5 studies between 2000
and 2009, and 7 studies before 2000. 13 studies
were conducted in the USA, 18 in Europe, and 3
in Turkey.

The preoperative assessment methods were
reported in nearly all studies, excluding 4. The

Number of Blount staples No. of successes per  Weight

Study successes Total Random-effects REML model 100 obs. with 95% CI (%) pl‘imary assessment tOOl was long Standing radio‘
Gorman 2009 0 54 —— 37.1(24.6-50.4) 136 graphs, followed by scanograms. In 18 studies
Raab 2001 4 2 —a— 167 (4.0-34.6) n7 (41%), patients were monitored until maturity,
::z::r:ﬂ:?zjg :: ij +. 322 ::zg:g :22 while 8 studies did not specify the duration of
Cabalzar 1978 31 78 - 39.7 (20.1-50.9) 142 follow-up. Various methods were employed to
Vogt 2021 79 187 - 57.7 (49.3-65.8) 14.8 predict final leg length discrepancy (LLD), with
Siedhoff 2014 2 3 —a— 70.0(52.2-85.3) 123 the Paley multiplier method being the most uti-
Lykissas 2013 ¢ 8 - 800(15.3-84.7) 9 lized in 7 studies, followed by the Green—Ander-
Overall e 51.4 (37.5-65.1)

Heterogeneity: 1= 0.12, I> = 85%, H? = 6.7

-0: - - T T )
Test of ©, = ©: Q(7) = 38.1, P = 0.00 0 50 100
Testof @ = 0: z=10.2, P = 0.00

son growth-remaining model in 3 studies. 21 stud-
ies (57%) did not provide details on the predic-
tion method used. Table S3 (see Supplementary

Figure 4. Forest plot of Blount staples and success rate. For abbreviations, see data) presents a comprehensive overview of each

Figure 2.

sion and exclusion criteria to determine suitability. 15 articles
were excluded based on the screening process (Table S2,
Supplementary data), leaving a total of 44 studies that were
included in this systematic review.

Epiphysiodesis with TBP was presented in 13 studies [12-
24], with PETS in 7 studies [6,25-30], and with Blount staples
in 8 studies [3,31-37], while 16 studies included more than 1
surgical technique [7-8,38-51]. From the studies that included

study’s characteristics.

Effectiveness of TBP, PETS, and Blount staples: syn-
thesis of success rate

Effectiveness of TBP (10 studies) was reported with a 67%
(95% confidence interval [CI] 54—79) success rate (Figure 2).
Regarding PETS (9 studies), the forest plot (Figure 3) showed
a 76% (CI 61-89) success rate (with good result defined as
<1 cm or < 1.5 cm in most studies, while 2 did not report
the definition of a good result). Blount staples (8 studies) was
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Table 2. TBP with effectiveness as main outcome (successful/unsuccessful or LLD mea-

surements initial/final and difference). LLD measurements in cm: (SD) and [range].

Patients LLD  Successful Difference
Study n limt2 Yes No Initial LLD ~ Final LLD  in LLD
Stevens 2022 [12] 66 <15 38 28 NM NM NM
Tolk 2022 [13] 34 NM NM NM 2.1(0.9) 0.8 (0.9) 1.3
Demirel 2022 [14] 11 <15 6 5 3.9[25-5.0] 2.2[0.6-5.5] 1.7
Erdal 2022 [15] 26 <1 24 2  24[1.7-3.6] 0.3[0-2.1] 2.1
De Pellegrin 2021[18] 22 <1 20 2 3.7 [2-10] NM NM
Joeris 2017 [21] 32 = 21 11 NM NM NM
Gaumetou 2016 [22] 32 NM NM NM 3.0[1.0-5.5] 1.9[1.8-5.6] 1.1
Jochymek 2015 [23] 9 NM 7 2 2.1[1.5-2.3] NM NM
Pendleton 2013 [24] 34 NM NM NM 1.9[0.7-3.4] 1.1[0-3] 0.8
Studies including 2 or more epiphysiodesis methods
Younis 2022 [46] 17 <15 9 8 2.6 (1.7) 1.4 (1.7) 1.3
<2 11 6
Cheng 2021 [8] 38 NM NM NM 2.1 (1.0) 0.9 (0.8) 1.2
Vogt 2021 [47] 38 =1 18 20 27[1.2-4.9] NM NM
<2 26 12
Lee 2018 [49] 9 NM NM NM 3.1(0.9) 2.5 (1.5) 0.6 (1.4)
Siedhoff 2014 [51] 4 <1 2 2 2.6 1.2 1.4
<2 4 0
Lykissas 2013 [7] 9 <15 5 4 41[2.7-56.1] 1.3[0.4-3.3] 238
Total 381
234 examined for success of TBP
176 LLD measurements 1.9-4.1 0.3-2.5 0.6-2.8

aLLD limit for good outcome

NM = not mentioned.

Table 3. PETS with effectiveness as main outcome (successful/unsuccessful or LLD mea-

surements initial/final and difference). LLD measurements in cm: (SD) and [range].

Patients LLD  Successful Difference
Study n limit2 Yes No Initial LLD  Final LLD  in LLD
Dodwell 2017 [25] 82 NM 79 3 2.8[1.8-4.1] 1.7 1.0
Song 2015 [26] 48 <1 44 4 19[1.0-3.3] 0.3[-1.0-1.7] 1.6
Monier 2015 [27] 16 NM 15 1 3.1[1.3-6.0] 1.7[0.4-31] 1.4
llharreborde 2012 [28] 45 <1 21 24 NM NM NM
Khoury 2007 [29] 30 NM NM NM 24 1.3 1.1
Nouh 2004 [30] 9 <1 5 4  3.3[2.0-5.0] 1.4[0.2-4.0] 1.9
Metaizeau 1999 [6] 32 <1 26 6 25[1.5-4.6] 05[-1.1-1.3] 2.0
Studies including 2 or more epiphysiodesis methods
Younis 2022 [46] 13 <15 9 6 28(1.5) 1.1 (1.0) 1.7
<2 12 3
Cheng 2021 [8] 15b NM NM NM 22(1.6) 1.1 (0.9) 1.1
Babu 2014 [42] 14 NM NM NM 3.2 14 1.8
Lykissas 2013[7] 22 <15 12 10 3.2[25-4.0] 15[0.7-2.4] 1.7
Campens 2010 [44] 15 <15 11 4 NM NM NM
Total 343
284 examined for success of PETS
283 LLD measurements 1.9-3.3 0.3-1.7 1.0-2.0

aLLD limit for good outcome; ® Limbs.

NM = not mentioned.

reported with a 51% (CI 28-65) success rate (Figure 4). Sen-
sitivity analysis and forest plots for all 3 techniques including
< 2 cm as acceptable for a successful result are presented in
Table S9 and Figure S1 (a—c) (see Supplementary data).

Effectiveness by other types of
measurements

When considering TBP, initial LLD,
ranging from 1.9-4.1 cm, and final
LLD, ranging from 0.3-2.5 cm, was
documented in 9 studies. The decrease
in LLD varied from 0.6-2.8 c¢cm, with
7 studies indicating a mean final LLD
of < 2 cm, and 6 studies achieving <
1.5 cm final LLD (Table 2). From 283
patients treated with PETS, data on ini-
tial LLD, ranging from 1.9-3.3 cm, and
final LLD, ranging from 0.3-1.7, cm
was reported. In all cases, a reduction
in LLD was observed. Among the 10
studies, all reported a mean final LLD
of < 2 cm, with 8 studies reported a
final LLD of < 1.5 cm. The decrease in
LLD ranged from 1.0-2.0 cm (Table 3).
Initial LLD (range 1.7-5.6), final LLD
(range 0.5-2.6) and difference in LLD
(range 1.1-3.0) were reported in 8 stud-
ies on Blount staples. In 6 studies mean
final LLD was < 2 ¢cm, and in 3 < 1.5
cm (Table 4).

2 studies presented RigidTack and
FlexTack staples [47,48], but only 1
reported success rate, with 51% (23/45)
success for RigidTack (Table 4). Other
outcome measurements that were
reported were efficacy percentage, LLD
rate correction, cost analysis, mechani-
cal axis deviation (MAD), intra-artic-
ular morphology. and LLD ratio and
were reported in 17 studies (Table S5
[a, b], see Supplementary data). Addi-
tionally, 2 studies did not define which
type of epiphysiodesis was used (Table
S6, see Supplementary data).

Considering the studies that com-
pared these 3 methods, only 4 studies
reported a comparison (Table S7, see
Supplementary data), with 2 of them in
favor of PETS over TBP, 1 in favor of
staples over TBP, and 1 with no differ-
ence between TBP and PETS for LLD
decrease, but with more angular defor-
mities after TBP as a complication.

Complications

On considering TBP usage, there were 239 complications in
453 patients (155 complications [33%] excluding as a com-
plication poor final LLD result). PETS had 223 complica-
tions in 455 patients (162 complications [36%] excluding as a
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Table 4. Staples with effectiveness as main outcome (successful/unsuccessful or LLD mea-

surements initial/final and difference). LLD measurements in cm: (SD) and [range].

Patients LLD  Successful Difference
Study n limt2 Yes No Initial LLD ~ Final LLD  in LLD
Blount staples
Gorman 2009 [3] 54 <1 20 34 3.2(1.4) 1.6 (1.3) 1.6
<2 40 14
Skytta 2003 [31] 71 NM NM NM 1.8 0.5 1.3
Raab 2001 [32] 24 <1 4 20 46 1.9 2.7
<2 14 10
Watillon 1986 [34] 29 <1 20 9 1.5-7.5 NM NM
Mukherji 1979 [35] 47 <1 33 14  2.0-7.5 NM NM
Cabalzar 1978 [36] 78 <2 31 47 56 2.6 3.0
May 1965 [37] 53 <2 NM NM 39[1.6-6.5] 2.6 1.3
Studies including 2 or more epiphysiodesis methods
Vogt 2021 [47] 137 <1 79 58 NM NM 1.1 [0.2-7.5]
<2 112 25
Lee 2018 [49] 10 NM NM NM 1.7(0.9) 0.2 (0.8) 1.2
Siedhoff 2014 [51] 30 <1 21 9 2.3(0.9) 0.8 (0.8) 1.5
<2 29 1
Lykissas 2013 [7] 8 <15 4/8 4/8 3.7[3.4-4.01 2.0[0.7-4.0] 1.7
Total 541
407 examined for success of Blount Staples
328 LLD measurements 1.7-5.6 0.5-2.6 1.1-3.0
Rigid staples
Vogt 2021 [47]
RigidTack 45 <1 23 22 NM NM NM
<2 36 9
Frommer 2021 [48]
RigidTack and
FlexTack, TBP 58 NM NM NM 28[2-5] 1.4 [0-4] 1.4

2LLD limit for good outcome
NM = not mentioned.

Table 5. Severity grade of complications for each type of studies/techniques. Values are count (%)

Severity grade of complications 2

Factor | 1l A 11IB Sum
TBP (n = 453)
Complications, n (per patient %) 50 (11) 28 (6.2) 118 (26) 43 (9.5) 239 (53)
Excluding poor LLD result 34 (5.9) 155 (33)
Not severe 78 (17)
Severe 77 (17)
PETS (n = 455)
Complications, n (per patient %) 53 (11) 69 (15) 74 (16) 18 (4.0) 223 b (49)
Excluding poor LLD result 13 (2.9) 162b (36)
Not severe 122 (27)
Severe 31 (6.9)
Blount staples (n = 1,048)
Complications, n (per patient %) 107 (10) 91 (8.7) 154 (15) 143 (14) 5160 (49)
Excluding poor LLD result 19 (1.8) 381" (36)
Not severe 198 (19)
Severe 162 (16)

aBlack et al. [10].
b Not defined type of complication added.

complication poor final LLD result). 516 complications were
reported in 1,048 patients treated with Blount staples (381
complications [36%] excluding as a complication poor final
LLD result) (Table 5).

The severe complications rate was
6.9% for PETS, 17% for TBP, and
16% for Blount staples (Table 5).
Angular deformity was reported in
4% after PETS, 10% after TBP, and
17% after Blount staples (Tables
6-8). Additionally, screw removal
was a complication in 51 cases (11%)
with PETS treatment and reoperation
due to loosening or dislocation of sta-
ples in 58 cases (5.5%) with Blount
staples treatment (Tables 6-8).

Discussion

This is the first systematic review
and proportional meta-analysis to
summarize current knowledge on
LLD treatment using epiphysiode-
sis with an implant. We aimed to
evaluate the effectiveness of 3 dif-
ferent epiphysiodesis techniques
with implant usage for the treatment
of LLD in the pediatric population
and to address the reported compli-
cations of staples, TBP, and PETS.
We showed a 76% success rate for
PETS, but only 67% and 51% for
TBP and Blount staples, respectively.
Additionally, the severe complica-
tions rate was 7% for PETS, 17%
for TBP, and 16% for Blount staples,
with Blount and TBP use leading to
a greater number of angular deformi-
ties. It seems that all techniques may
have the potential of being success-
ful in growth inhibition with mean
success rates ranging from 51% to
76%. Differences were found in both
crude success and complication rates
between the studies, but the lack of
randomized studies does not allow
for firm conclusions regarding which
technique is superior.

The use of Blount staples has been
lessened through the years because,
as also presented in the current sys-
tematic review, the technique has
been connected to complications such

as propensity for breakage, loosening, migration, and asym-
metric growth [52]. Looking at TBP use, one possible draw-
back of using guided growth for epiphysiodesis is that it might
impede peripheral physeal growth while not affecting central
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Table 6. Number of complications for TBP according to Black [10]

Table 7. Number of complications for PETS according to Black [10]

Factor |1 1A 1B ND Factor I 1l INA 1lIB ND
Acute complications Acute complications
Infection 1 Infection
Effusion/edema 2 Effusion/edema 13
Hematoma/hemarthrosis 1 Hematoma/hemarthrosis 2
Knee pain 21 Knee pain 25
Reduced knee range of motion 8 Reduced knee range of motion
Fracture Fracture
Tenderness to palpation over implants 7 Wound dehiscence/healing &
Wound dehiscence/healing 2 Skin burn/skin blistering
Skin burn/skin blistering 3 Further surgical intervention/reoperation 1
Further surgical intervention/reoperation 6 Peroneal nerve neuropathy
Peroneal nerve neuropathy Long-term complications
Long-term complications Failure of growth plate arrest 2
Failure of growth plate arrest 7 Failure to achieve adequate reduction in
Failure to achieve adequate reduction in LLD (according to definition of poor result) 61
LLD (according to definition of poor result) 84 Overcorrection 2
Overcorrection 2 Angular deformity, varus
Angular deformity, varus 11 Angular deformit, valgus 10
Angular deformity, valgus 20 Angular deformity (not defining what type)/
Angular deformity (not defining what type) 12 axial deviation 7
Genu recurvatum Genu recurvatum 1
Asymmetrical closure of the growth plate Asymmetrical closure of the growth plate
with progressive malalignment with progressive malalignment
Exostosis Exostosis
Rebound overgrowth Rebound overgrowth
TBP, screw bending without problem removal 5 Broken screw 4
TBP, screw migrated during correction 3 Symptomatic screw removal ol
TBP, reinsertion of screw Screw issues during removal 10
(readmission for surgery) 10 Screw dislodged from epiphysis 3
TBP, breakage screw 3 Revision surgery for screw reposition 10
TBP, 1 of the 3 above 6 Neurapraxia
Neurapraxia Additional surgeries needed for LLD treatment 9
Additional surgeries needed for LLD treatment 25 Complications undefined (can’t be categorized) 9

Complications undefined (can'’t be categorized)

Total (n = 239) 2 50 28 118 43 0

ND: not defined complications.
2155 complications (33%) excluding as a complication poor final LLD result.

growth, possibly resulting in an irregular, mountain-shaped
physis [1,20].

In terms of the complications, we did not identify any
reduced knee range motion in the PETS group. This might be
due to the heterogeneity on reporting complications, and due
to the fact that in none of those studies were complications
the study’s main outcome. On the contrary, the large amount
of cases with reduced knee range of motion after staples (see
Table 8) might indicate a more invasive procedure than the
other 2 techniques where fewer implants are used. Another
reason could be that the size of the sample was almost 2 times
larger for staples than for PETS.

Comparing the results of the current study with those in our
previous published systematic review [53] on the use of per-
cutaneous epiphysiodesis (PE) and the Phemister technique,
2 surgical techniques with permanent effect, PETS seems to
have the best overall success rate, as PE had a 74% success
rate and the Phemister technique a 69% success rate. How-
ever, PE was found to have less severe complications (5.1%),

Total (n =223) @ 53 69 74 18 9

ND: not defined complications,
2162 complications (36%) excluding as a complication poor final LLD result.

followed by PETS. The need for future randomized controlled
trials that compare PETS with PE is highlighted by the results
of our studies, as well as the importance of improved reporting
regarding preoperative planning, particularly considering that
the timing of surgery significantly impacts outcomes in reduc-
ing length differences.

Strengths and limitations

Strengths. There were no language restrictions, thus reducing
reporting bias. Grading the severity of the complications by
the classification of Black et al. [10], a proportional meta-anal-
ysis was suitable to analyze the effectiveness and success rate,
as it is a tool for synthesizing proportion-based data, offering
a more precise, reliable, and generalizable understanding of
the research question.

Limitations. The variations in methodology among the stud-
ies, particularly in terms of study design, timing of interven-
tions, follow-up procedures, and reporting of results, posed
difficulties in generalizing the results. However, the identifi-
cation of heterogeneity in all the above-mentioned factors is
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Table 8. Number of complications for staples according to Black [10]

Factor Il [MA 1B ND

Acute complications
Infection 2 9
Effusion/edema 18
Hematoma/hemarthrosis
Knee pain 4
Reduced knee range of motion 59
Fracture
Irritation from prominent staples 9
Wound dehiscence/healing 8
Skin burn/skin blistering
Further surgical intervention/reoperation
Peroneal nerve neuropathy/neurovascular 1
Long-term complications
Failure of growth plate arrest 9
Failure to achieve adequate reduction in
LLD (according to definition of poor result) 135
Overcorrection 6
Angular deformity, varus 45
Angular deformity, valgus 33
Angular deformity (not defining what type)/
axial deviation 20
Genu recurvatum 42
Asymmetrical closure of the growth plate
with progressive malalignment
Exostosis
Rebound overgrowth 2
Backed staples but no surgery 5
Reoperation due to loosening or
dislocation of staples 58
Retained staples that could not be removed 1
Broken staples 4
Implant-associated (breakage, loosening,
migration) 20
Neurapraxia 3
Additional surgeries needed for LLD treatment 2
Complications undefined (can'’t be categorized) 21
Total (n=516) 2 107 91 154 143 21

ND: not defined complications.
@ 381 complications (36%) excluding as a complication poor final LLD result.

of great importance, because it highlights the need for more
detailed and standardized way of reporting in studies on the
topic, and especially considering the reporting of complica-
tions. Some questions that arise and should be taken into con-
sideration for future studies are the following: studies seem
to have limited information regarding the patients undergo-
ing second surgery after implant removal following correction
and skeletal maturity; only a few studies reported skeletal age
at time of insertion and did not provide enough information
regarding timing of the procedure as well as effectiveness of
physeal inhibition.

The sample sizes were small and the nature of the evidence
from most of the included studies was retrospective, with a
lower level of quality for the non-comparing studies. As a
result, the results of the pooled analysis cannot be general-
ized, especially the results for complication rates. Bias could
also emerge from variations in techniques (such as screw posi-
tioning in TBP or PETS), the absence of assessments at full

maturity, and disparities in the methods used for the initial
evaluation of LLD.

Conclusion

PETS appears to be the most effective form of epiphysiodesis
surgery involving an implant, exhibiting a superior success
rate and fewer severe complications like angular deformities
compared with TBP or Blount staples.

In perspective, future studies should focus on better report-
ing of methods and outcomes, as well as on conducting ran-
domized clinical trials on the topic.

Supplementary data

Tables S1-S9, Figures S1 (a—c) and search criteria are
available as Supplementary data on the article page, doi:
10.2340/17453674.2024.41104
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