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• The aim of this systematic review is to assess the role of the prophylactic fixation of 
contralateral unaffected hip in unilateral slipped capital femoral epiphysis (SCFE) in 
children, focusing on the possible complications of this surgical procedure.

• A systematic review of medical literature was conducted, according to the Preferred 
Reporting Items for Systematic review and Meta-Analysis (PRISMA) statement, to analyse 
the complications of prophylactic contralateral hip fixation in unilateral paediatric SCFE. 
We registered the complications reported in the included studies, scoring their severity 
according to the orthopaedic adaptation of Clavien–Dindo classification.

• From 1695 studies primarily identified, 14 studies were finally included: 1 prospective 
cohort study, 4 retrospective case-control studies and 9 retrospective case series, with 
a total of 811 children diagnosed with unilateral SCFE and treated on the unaffected 
contralateral hip. Grade IV complications were very rare (0.37%), while the rate of grade III 
events was 8%. No death was recorded. The most frequent complication was unplanned 
further surgery (6.29%) that was an epiphyseal refixation, owing to the physiologic growth 
of the proximal femur, in 42 cases. Cannulated screws fixation showed to have a lower 
major complication rate than pinning with K-wires, 5.37% vs 17.95%.

• The prophylactic fixation of contralateral unaffected hip in paediatric unilateral SCFE is a 
safe procedure. Although a benefit-cost analysis on this topic has not been published yet, 
considering the low rate of complications, prophylactic hip fixation is a viable option for 
patients presenting with unilateral SCFE, to prevent the occurrence of severe hip deformity 
and avoid future invasive surgeries.

Introduction

Slipped capital femoral epiphysis (SCFE) is defined 
as the posteroinferior displacement of the proximal 
femoral epiphysis from the metaphysis. To date, SCFE 
is one of the commonest developmental orthopaedic 
diseases, affecting from 0.2 to 10 per 100 000 children 
worldwide (1, 2). Furthermore, its incidence appears to 
be slightly increasing in many world regions, likely due 
to changes in childhood obesity prevalence (3). Indeed, 
several risk factors have been identified, including obesity, 
ethnicity, modified Oxford bone age score, renal failure, 

endocrinopathies but, above all, hypothyroidism and 
growth hormone deficiency (4, 5, 6, 7, 8).

The prevalence of bilateral SCFE is highly variable and 
ranges between 20 and 80% (9, 10); in approximately 
50% of cases, a simultaneous bilateral slip occur (11). 
According to Novais  et  al, contralateral SCFE occurs 
mostly within a year from the first slip (10).

The remaining 50% of patients develop an 
asynchronous contralateral slip, in 82% of cases within 
18 months from the initial slip (12). Unluckily, during 
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childhood and adolescence, the contralateral slip is often 
underdiagnosed. A 30-year follow-up study on patients 
with unilateral SCFE showed radiographic features of 
undiagnosed contralateral slip in 40% of patients (13).

The gold standard treatment for mild SCFE is the in 
situ surgical fixation of the slipped femoral head (14). 
No consensus exists not only on the best treatment for 
moderate-to-severe stable and unstable SCFE but also 
on the best hardware to be used for in situ fixation (14). 
Screw fixation is associated with a slight increase in 
premature physis closure, compared to K-wires fixation, in 
some studies. As a consequence, even if the most recent 
literature favours the use of screws, some authors instead 
advocate the use of k-wire pinning in younger patients, 
because of the reduced rate of adverse events on femoral 
neck growth (14, 15, 16). On the other hand, K-wires 
have a higher risk of migration, due to their less effective 
anchoring in bones (17).

Nevertheless, the main controversy concerns the 
prophylactic fixation of the unaffected normal-appearing 
hip (18, 19, 20, 21, 22).

In fact, children presenting with unilateral SCFE are 
reported to have a 2335 times greater risk of developing 
a subsequent contralateral slip than a child in the general 
population (21). Therefore, some authors advocate 
prophylactic fixation stressing the benefits of preventing 
a subsequent contralateral slip with a minimally invasive 
procedure (23, 24, 25). Other authors instead reject 
the indication for this surgical procedure in all patients 
because of the risk of harming a potential healthy hip  
(26, 27, 28, 29).

The purpose of this review was to summarize the 
published evidence regarding safety and potential 
complications of the surgical techniques used for 
prophylactic fixation of the unaffected contralateral hip in 
unilateral SCFE.

Materials and methods

Focused question based

Based on the Preferred Reporting Items for Systematic 
review and Meta-Analysis (PRISMA) guidelines (30), 
specific questions were constructed. The focused 
questions addressed were ‘‘What are the safety and 
possible complications of prophylactic fixation of the 
contralateral hip in unilateral SCFE in children?’ and ‘Are 
there any differences in the complication rates between 
the surgical techniques described?’

Eligibility criteria

All the following criteria had to be satisfied to determine 
study eligibility: (i) original clinical studies and case series 
(ii) written in English, (iii) including a minimum of five 

patients, (iv) younger than 18 years of age and (v) affected 
by unilateral SCFE and treated with contralateral hip 
prophylactic fixation.

Letters to the editor, reviews, editorials, case reports 
and unpublished articles were excluded.

Search strategy and study selection

We conducted a comprehensive literature search 
using PubMed/Medline (National Library of Medicine, 
Washington, DC) and Scopus (Elsevier API) from 1 
January1990 to 31 March2021, since the first reports of 
prophylactic fixation date back to the early 1990s (31, 32). 
The following string was used to perform the literature 
search: (’epiphysiolysis’ OR ‘slipped capital femoral 
epiphysis’ OR ’SCFE’) AND (’management’ OR ‘treatment’ 
OR ‘surgery’ OR ‘fixation’ OR ‘screw’).

After duplicates removal, the titles and abstracts of 
the identified articles were screened by two independent 
reviewers (FMA and IM) and checked for agreement. 
Disagreement was solved through debate, involving the 
other authors. The studies included during the screening 
phase were read in full and evaluated based on the stated 
eligibility criteria. Reference lists of potentially relevant 
original articles were hand-searched to identify any 
remaining study, unidentified in the previous steps. Once 
again, the articles were checked for agreement among the 
authors (Fig. 1).

Figure 1
PRISMA flow chart.
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Methodological study quality assessment and data extraction

The Methodological Index for Non-randomized Studies 
(MINORS) scoring system was used to assess the quality of 
each study included (33).

The revised and validated version of MINORS includes 
eight methodological items for non-comparative studies: 
(i) clearly stated aim, (ii) inclusion of consecutive 
patients, (iii) prospective collection of data, (iv) endpoints 
appropriate to the aim of the study, (v) unbiased 
assessment of the study endpoint, (vi) follow-up period 
appropriate to the study aim, (vii) loss to follow-up <5% 
and (viii) prospective calculation of the study size.

To score comparative studies, the MINORS 
system provides four additional items as follows: (ix) 
adequate control group, (x) contemporary groups, 
(xi) baseline equivalence of groups and (xii) adequate  
statistical analyses.

The items are scored 0 (not reported), 1 (reported but 
inadequate) or 2 (reported and adequate), and the global 
ideal score being 16 for non-comparative studies and 24 
for comparative studies.

According to MINORS, the study quality was considered 
high only when an article reached full scores (16/16 for 
non-comparative studies and 24/24 for comparative ones) 
and low in all other cases.

From the included articles, the following data were 
considered relevant to this review: article type, journal, 
year of publication, presence of a control group, number 
of patients and hips included, sex, mean age, follow-up 
period, surgical techniques, peri-operative and post-
operative complications.

Classification of surgical complications

We classified the post-surgical complications recorded in 
the selected studies according to a recent orthopaedic 
adaptation (34) of the validated Clavien–Dindo 
classification (35). Grade V is assigned for the death 
of the patient; grade IV for a complication that is  
life/limb-threatening, requires admission in an intensive 

care unit (ICU), is not treatable with potential permanent 
disability or that requires organ resection (total hip 
arthroplasty); grade III for a complication that is treatable 
but requires further intervention or unplanned hospital 
readmission; grade II for alteration of normal course and 
grade I for any complication that requires no treatment 
and has no clinical relevance.

With regards to SCFE, we considered avascular necrosis 
(AVN) of the femoral head and chondrolysis as grade IV 
complications and fractures, deep infections, hardware-
related pain requiring removal and other unplanned 
surgery (including pin replacement or subsequent 
arthroscopic or open hip surgeries) as grade III 
complications. Grade IV to grade III events, for the fact of 
deeply deviating the post-surgical canonical course, were 
considered as major complications, while grade V events 
were considered fatal complications.

Grade II, in the end, was assigned to complications 
like superficial infections, hardware-related pain not 
requiring removal, keloid scars, pin penetration and any 
complication during pin removal. We defined minor 
complications of all the events listed in Clavien–Dindo 
classification grades I and II.

Results

Literature search and quality assessment

The initial search yielded 1695 studies. After duplicates 
removal, 1215 articles were screened for eligibility and 
1187 studies, which did not fulfil the eligibility criteria, 
were excluded (Fig. 1). In total, 14 studies were included 
and processed for data extraction (31, 32, 36, 37, 38, 39, 
40, 41, 42, 43, 44, 45, 46, 47). For the nine case series 
included, the mean MINORS score was 9 out of 16 
(ranging from 6 to 11), whereas for the five comparative 
studies, the mean MINORS score was 15 out of 24 (ranging 
from 12 to 19) (Table 1). Concerning the adequacy of 
follow-up, in the present review, 1 point was assigned 
for follow-up < 5 years, while 2 points were assigned 

Table 1 References, MINORS score and type of study for each article included.

Reference MINORS score Study design Control group

Emery et al. (31) 9/16 Retrospective case series None
Kumm et al. (44) 11/16 Retrospective case series None
Rostoucher et al. (32) 13/24 Retrospective case–control Clinical/radiographic observation
Seller et al. (47) 7/16 Retrospective case series None
Dewnany et al. (43) 12/16 Retrospective case series None
MacLean et al. (42) 12/24 Retrospective case–control Clinical/radiographic observation
Breaud et al. (41) 6/16 Retrospective case series None
Woelfle et al. (46) 8/16 Retrospective case series None
Sankar et al. (40) 9/16 Retrospective case series None
Vlachopoulos et al. (39) 8/16 Retrospective case series None
Clement et al. (38) 16/24 Retrospective case–control Clinical/radiographic observation
Bhattacharjee et al. (37) 15/24 Retrospective case–control Clinical/radiographic observation
Herngren et al. (36) 19/24 Prospective cohort study Clinical/radiographic observation
Lerch et al. (45) 8/16 Retrospective case series None
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for follow-up ≥ 5 years. This decision was based on the 
fact that we considered fully appropriate follow-up that 
reached the period of physeal closure and therefore the 
end of bone growth. Only four studies were scored 2/2 
for the follow-up period (32, 43, 44, 45). A prospective 
calculation of sample size was absent in all the included 
studies. According to MINORS score, the quality of all 
included studies was considered low.

General characteristics of included studies

No randomized–controlled trials were found to be included 
in this review. We included one prospective cohort 
study, four retrospective case–control studies and nine 
retrospective case series (Table 1). Altogether, the 14 studies 
included in this review counted 811 children diagnosed 
with unilateral SCFE and treated with prophylactic fixation 
of the unaffected contralateral hip. Three studies (45, 46, 
47) reported the surgical technique of pinning by means 
of K-wires (a total of 195 patients), while ten studies (31, 
32, 36, 37, 38, 39, 40, 41, 42, 43, 44) were based on the 
use of cannulated screws (521 patients). In the study by 
Emery et al. (31), the chosen implants were Crawford and 
Adams pins (95 hips treated) (Table 2).

The mean age in the population of the current review, 
weighted on the eight studies in which it is assessed, was 
12.5 years old. Coherently with literature, male sex was 
prevalent, representing 59% of the total (10 studies out 
of 14 reported sex distinction). The cumulative mean 
period of follow-up was 54.28 months (4.5 years), with an 
extreme value of 12 years for the 36 patients reported by 
Lerch et al. (45).

Complications rate

The overall reported complications rate according to the 
orthopaedic adaptation of Clavien–Dindo classification 
are summarized in Table 3.

No case of death was registered following prophylactic 
fixation in the studies included in this review; therefore, no 
grade V complications were found. No case of chondrolysis 
was referred, while two studies (32, 40) reported the 
occurrence of AVN. Roustocher  et  al. (32) reported 1 
patient out of 51 (2%) and Sankar et al (40) 2 patients 
out of 99 (2%) who experienced this adverse event after 
prophylactic fixation surgery. Only 3 out of 811 patients 
included in this systematic review were affected by grade 
IV complications (0.37%).

Four patients sustained femoral fractures, 1 patient had 
a deep infection, 9 patients complained of pain requiring 
implant removal and 51 patients needed further surgery 
that had not been planned at the time of prophylactic 
fixation (31, 36, 37, 39, 40, 44, 45, 46, 47). The cumulative 
rate of grade III complications was 8.01% (65 patients out 
of 811). The most represented complication of this class 
was unplanned further surgery: a total of 42 children 
underwent reoperation because the pin did not catch the 
epiphysis anymore owing to physiologic growth of the 
proximal femur, resulting in a loss of fixation. Lerch et al. 
(45) reported the need for a further intervention for a 
subsequent cam-type femoroacetabular impingement 
(FAI), treated in three cases through an open surgical 
approach and in one case arthroscopically (Table 4). A total 
of 51 children underwent further surgeries, not planned at 
the time of prophylactic fixation, with a cumulative rate in 
the present review of 6.29%. Grade IV to grade III, jointly 
considered as major complications, are reported with 
cumulative rate of 8.38%.

With regards to grade II complications, superficial 
infection of the surgical wound was reported in nine 
patients without consequences, while temporary implant-
related pain with no necessity of removal was registered 
in eight cases (31, 37, 40, 43, 46). Other minor adverse 
events included in grade II class were recorded only in 
some studies and not all patients have been investigated 

Table 2 First author, surgical hardware, number of hips, sex, mean age and duration of follow-up of the included articles.

Authors Hardware
n Mean age in years

Follow-up, yearsHips Males All Males Females

Emery et al. (31) Crawford Adams pins (2–4) 95 69 13.7 NA
Kumm et al. (44) Dynamic screw 34 17 12.7 13.5 11.9 5.4 
Rostoucher et al. (32) Single screw 51 NA NA 6.5 
Seller et al. (47) 3–4 K-wires 94 NA NA NA
Dewnany et al. (43) Single cannulated cancellous screw 65 33 12.5 6.5 
MacLean et al. (42) Single cannulated screw 17 NA NA NA
Breaud et al. (41) Single cannulated screw 13 12 13.7 13.8 12 NA
Woelfle et al. (46) 3 K-wires 65 41 NA 3.0 
Sankar et al. (40) Single cannulated screw 99 55 11 2.7 
Vlachopoulos et al. (39) Single cannulated cancellous screw 11 5 12.1 13.2 11.1 3.1 
Clement et al. (38) Single cannulated screw 36 NA NA NA
Bhattacharjee et al. (37) Richards cannulated hip screw 44 24 12.5 NA
Herngren et al. (36) Single screw 151 85 NA 3 
Lerch et al. (45) K-wires (mostly 2) 36 21 13 12 

NA, not assessed.
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for them: 3 cases of keloidal scar, 9 cases of pin penetration 
and 18 cases of complications occurred during pins 
removal (31, 36, 41, 43, 44). The latter was the most 
frequent complication of this class: Emery et al (31) found 
a rate of 5.6% (10 patients out of 64), Kumm et al. (44) 
5.88% (2 patients out of 34), Breaud  et  al. (41) 7.69% 
(1 patient out of 13) and Herngren et al. (36) 9.8% (5 
patients out of 51).

Kirschner wires vs cannulated screws

We compared the complications rate in cases of 
prophylactic fixation obtained with cannulated screws to 
those using K-wires (Table 5). The study by Emery et al 
(31) was excluded from this analysis because the surgical 
procedure was performed with Adams–Crawford pins, 
not comparable with the other two hardware.

No case of chondrolysis following prophylactic pinning 
was reported. In our review, we registered 3 cases (0.58%) 
of AVN in the 521 patients treated with screws and none 
in those treated with K-wires (32, 40). Furthermore, 
femur fractures and deep surgical wound infections were 
found only in the group of patients treated with screws:  
0.77% (4 out of 521) and 0.19% (1 out of 521), respectively 
(36, 40).

Pain caused by the implant requiring hardware removal 
was found in both groups: 2.05% among patients treated 
with K-wires (4 out of 195) and 0.77% among those 
treated with screw fixation (4 out of 521) (31, 37, 40, 45).

The occurrence of unplanned surgery was the most 
frequent complication in the entire current systematic 
review. In the ‘K-wires group’, we found 31 patients 
recorded for this inconvenient (15.9%), while in the ‘screw 
group’, there were only 16 cases (3.07%) (31, 36, 37, 39, 
44, 45, 46, 47).

Table 3 Overall reported complications rate in the included articles, 
according to Clavien–Dindo classification.

References

Complications rates

Grade V 
(%)

Grade IV 
(%)

Grade II  
(%) 

Grade II  
(%)

Emery et al. (31) 0 (0) 0 (0) 5 (5.26) 30†

Kumm et al. (44) 0 (0) 0 (0) 10 (29.41) 4 (11.76)
Rostoucher et al. (32) 0 (0) 1 (2) 0 (0) 0 (0)
Seller et al. (47) 0 (0) 0 (0) 16 (16.5) 0 (0)
Dewnany et al. (43) 0 (0) 0 (0) 0 (0) 3 (4.58)
MacLean et al. (42) 0 (0) 0 (0) 0 (0) 0 (0)
Breaud et al. (41) 0 (0) 0 (0) 0 (0) 1 (7.69)
Woelfle et al. (46) 0 (0) 0 (0) 11 (16.92) 2 (3.1)
Sankar et al. (40) 0 (0) 2 (2) 4 (4) 1 (1)
Vlachopoulos et al. (39) 0 (0) 0 (0) 2 (18.2) 0 (0)
Clement et al. (38) 0 (0) 0 (0) 0 (0) 0 (0)
Bhattacharjee et al. (37) 0 (0) 0 (0) 3 (6.83) 1 (2.28)
Herngren et al. (36) 0 (0) 0 (0) 6 (3.97) 5†

Lerch et al. (45) 0 (0) 0 (0) 8 (22) 0 (0)
Total 0 (0) 3 (0.37) 65 (8.01) 47†

†Single percentages in these cases are not added because they are calculated 
on different totals.
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Cumulatively, in our review, we measured a rate of 
major complications (grades IV and III according to the 
orthopaedic adaptation of Clavien–Dindo classification) 
of 17.95% for the prophylactic fixation with K-wires and 
5.37% for the surgery by means of cannulated screws.

Discussion

The fixation of the contralateral unaffected hip in paediatric 
unilateral SCFE is a prophylactic surgical procedure; 
therefore, its success stands in the non-occurrence of the 
adverse event it aims to prevent.

For this reason, we have chosen to evaluate its 
advantages by focusing our attention on the complications 
rate registered in modern literature. This is a contentious 
topic for the fact that, in case of intervention, there is a 
risk of harming a joint in a healthy starting condition, 
but, on the other hand, refraining from intervention puts 
the patient at risk of a disease that can lead to disability 
(48). Factually, untreated SCFE may result in progressive 
articular deformity and pain, impairment of the femoral 
epiphysis and limited range of motion of the hip joint (49). 
These complications represent an element of medium-
term disability for the child, deeply affecting his quality of 
life (50). Furthermore, they can have a negative impact on 
bone and stature development, requiring most invasive 
surgeries in the future (51). Proximal femoral osteotomies 
or joint prosthetic replacements in juvenile age are 
themselves technically challenging and guide the child to 
a future of multiple surgeries with increasing difficulties 
and potential complications (52, 53). In fact, up to 
33% of the contralateral hips with a post-slip deformity 
develop radiographic features of juvenile osteoarthritis 
at follow-up ranging from 16 to 66 years (13, 28). It 
is debated that even mild SCFE deformities are able to 

lead to femoroacetabular impingement (FAI (54) and  
chondral damage that increase the risk of future 
osteoarthritis (55, 56).

In this systematic review, no case of fatal complications 
(grade V) following the prophylactic surgery on the 
unaffected hip was recorded among all the 811 children 
included. The orthopaedic adaptation of the validated 
Clavien–Dindo classification defines grade IV complications 
as those leading to potential permanent disability or 
possibly requiring organ resection (34). According to this 
definition, we considered AVN of the femoral head and 
chondrolysis as grade IV complications, for their possible 
permanent negative impact on hip function, eventually 
requiring hip arthroplasty. No case of chondrolysis 
following prophylactic pinning of the unaffected hip is 
reported in modern studies as far as we know, neither with 
screw fixation nor with K-wires techniques.

We registered a rate of 0.37% for AVN of the femoral 
head, with only 3 patients out of 811, a very low value that 
suggests how serious complications are unlikely to occur 
(32, 40). Complications requiring further intervention 
(grade III), including fractures, deep infections, hardware-
related pain requiring removal and other unplanned 
surgery, were experienced by 65 children, with a rate of 
8.01% (31, 36, 37, 39, 40, 44, 45, 46). Overall, therefore, a 
cumulative rate of 8.38% of children in our review showed 
the occurrence of major complications. We consider this 
value to be tolerable, particularly when compared to the 
high risk of underdiagnosing SCFE in the contralateral hip.

One of the most frequent complications occurred 
during pin removal (18 patients). On this matter, it 
should be noticed that the articles included did not 
specify if hardware was routinely removed in all patients. 
Hardware retention is still debated because of its possible 
additional morbidity. In fact, leaving the pins in place may 
raise the local stress and cause fractures in young adults; 
furthermore, pinheads may lead to trochanteric bursitis 
(57). But major issues can be expected in those patients 
needing total hip replacement years later. In this case, 
screw removal is mandatory, but a long time passed since 
pinning may raise surgery duration and complications 
rate (52).

On the other hand, pins removal, performed as soon 
as the physis is closed, is reported to be a safe procedure 
based on a low rate of complications such as post-removal 
fractures, infection and scar issues (58).

As a matter of fact, the prevalence of bilateral SCFE 
is variably reported in the literature between 40 and 
80% (9), half of whom develops a contralateral slip in a 
subsequent period. The vast majority (82% of cases) face 
this contralateral event within 18 months from the initial 
slip (11). Modern literature refers that patients with a 
unilateral SCFE are 2335 times more likely to develop SCFE 

Table 5 Complications in patients treated with K-wires vs cannulated 
screw.

Complications K-wires Screws

Number of hips treated 195 521
Grade IV
 Chondrolysis 0 0
 AVN 0 3
Grade III
 Fractures 0 4
 Deep infections 0 1
 Pain requiring hardware removal 4 4
 Further unplanned surgery 31 16
Grade II
 Superficial infections 2 2
 Pain NOT requiring hardware removal 0 1
 Keloid scars 0 2
 Pin penetration 0 2
 Complications during pin removal 0 8
Total in the review 37 (18.97%) 43 (8.25%)

AVN, avascular necrosis of the femoral head.
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in the contralateral hip when compared to children in the 
general population (21).

The alternative approach to prophylactic pinning 
remains rigorous clinical and radiographic monitoring 
(59, 60). Nevertheless, we believe that this approach has 
some critical points: first of all, the child is exposed to 
ionizing radiation due to the repeated X-rays, he should 
undergo at least annually, in order not to miss an acute 
slip. A recent meta-analysis on paediatric follow-up 
programmes for spinal disorders demonstrated that 
years of repeated radiographs and pertaining cumulative 
radiation dose resulted in elevated rates of cancer, breast 
cancer and cancer mortality for children with scoliosis 
in comparison with matched general population (61). 
A similar consideration can be provided for the X-ray 
follow-up of the SCFE, which requires close monitoring. 
Furthermore, another matter of debate is compliance, that 
is deeply required from parents in order not to miss any 
early diagnosis of SCFE to their children. The problem is 
that mild cases of SCFE can remain relatively pain-free, 
and consequently, parents may be tempted to abandon 
the prophylactic follow-up, leaving an unrecognized 
disease untreated (62). Finally, the radiographic follow-up 
unluckily does not prevent the occurrence of severe slips, 
which have the worst functional prognosis (63).

Slipped capital femoral epiphysis is a multifactorial 
disease, whose aetiology is far from being entirely 
understood. Risk factors that play a role include mechanical 
force associated with the characteristic morphology of the 
hip (acetabular or femoral retroversion), endocrinopathies, 
obesity, chemotherapy, male sex and history of radiation 
therapy (4, 5, 6, 64, 65).

Although some authors suggest that, among 
children who suffered from SCFE, those at a high risk 
for contralateral slip should be identified and treated 
prophylactically (23, 25), and others believe that all 
the children who suffered from unilateral SCFE must be 
intended as at high risk and therefore advised to undergo 
prophylactic fixation (9, 24, 66). Considering in fact that 
all the risk factors for SCFE are systemic, it is unlikely 
to differentiate a specific subgroup of patients subject 
to unilateral slips from another one at risk of bilateral 
SCFE; therefore, we endorse the latter point of view. 
The prophylactic fixation of the contralateral healthy 
hip appears, from the data we collected in the present 
paper, a safe surgery, with a low risk of complications, 
justified by the benefit of avoiding the potentially 
severe consequences of a contralateral undiagnosed 
slip. Besides, in the benefit-cost ratio analysis, it is vital 
to include not only biological costs of possible future 
surgeries but also economic costs. In fact, complications 
that result in the need for subsequent surgeries require 
financial expenses for outpatient visits, hospitalization, 

rehabilitation and possible disability (67). The economic 
impact of clinical decisions appears to be a trend hot 
topic in modern health management and deserves 
specific studies even in the SCFE field.

In addition, the prophylactic surgical technique which 
results to be the safest is cannulated screws fixation. 
Although with this technique, we recorded isolated cases of 
severe complications (AVN, grade IV according to Clavien–
Dindo), these are very low rates: 0.58%, 3 children out of 
521 who underwent this procedure in the studies included. 
Although these complications have not been reported in 
children treated with Kirschner wires, it is appropriate to 
remark that the group treated with screws is almost three 
times larger (521 vs 195 patients) (32, 36, 37, 38, 39, 40, 
41, 42, 43, 44). Other major complications instead appear 
far more represented in the group of children treated with 
Kirschner wires, this is the case of grade III complications 
(fractures, deep infections, pain to the implant requiring 
removal and generic other unplanned surgeries). In this 
review, we registered an overall major complications rate 
of 17.95% for the prophylactic fixation with K-wires and 
5.37% for the surgery by means of cannulated screws, 
testifying to the abovementioned higher security of the 
latter procedure compared to pinning.

Limitations

The present review includes a small number of low-quality 
papers, 14, with a total population of 811 children. The 
main defect in the quality of the studies included in the 
current review was the absence of prospective calculation 
of study size, which was not present in any of the 14 
studies.

The sample size therefore cannot be considered 
fully adequate to evaluate in depth all the variables that 
influence the decision-making process. Furthermore, the 
level of evidence of the studies available in the literature is 
low, as it can be seen from the MINORS scores registered. 
In fact, only four studies (32, 43, 44, 45) were found to be 
strongly appropriate in terms of duration of the follow-up 
period. Consequently to the limited mean follow-up, late-
onset complications or further surgeries needed for each 
child were not possible to be assessed accurately in this 
investigation. We considered appropriate a follow-up that 
reached the period of physeal closure, in order to assess 
the possible disturbance on bone growth. However, it is 
likely that some complications may occur many years after 
prophylactic surgery, consequently needing studies with 
decades of observation to be detected. In addition, there 
are differences in the definition of some complications, 
which are subject to interobserver variability. This is 
especially a concern for minor complications, which were 
not easy to record for the fact that not all the studies 
expressly declared these adverse events.
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Conclusions

The prophylactic fixation of contralateral unaffected hip in 
paediatric unilateral SCFE is a safe procedure. Although a 
benefit-cost analysis on this topic has not been published 
yet, considering the low rate of complications, prophylactic 
hip fixation is a viable option for patients presenting with 
unilateral SCFE, to prevent the occurrence of severe hip 
deformity and avoid future invasive surgeries. It is vital to 
correctly inform families about the risks associated with 
the intervention and those associated with the ‘wait and 
see’ approach. Families who refuse the surgical procedure 
should be initiated to a close and proper radiographic and 
clinical follow-up.

In the future, prospective multicentric studies involving 
experienced paediatric orthopaedic surgeons should be 
carried out to better guide the decision-making process, 
further investigating risk factors and complications rate. 
It will be useful to standardize the surgical procedure 
and to plan studies following up patients for decades, to 
better assess the role of fixation and its influence not only 
on the bone growth processes but also on degenerative 
phenomena leading to hip osteoarthritis.

Furthermore, modern health management is very 
interested in the evaluation of the biological and economic 
costs of clinical choices, so it will be worthwhile to deepen 
an evaluation of the benefit-cost ratio of prophylactic 
fixation of the contralateral unaffected hip in SCFE.
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