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Introduction

Gallows traction, or Bryant’s traction, is a form of over-
head skin traction that can be used in infants. It is indicated 
for femoral fractures in babies and in developmental dys-
plasia of the hip (DDH).1,2 In the context of DDH, it has 
been used as a definitive mode of reduction of dislocated 
hips, though over a course of approximately 6 months.3 A 
further use in DDH is as an adjunct prior to surgical reduc-
tion of dislocated hips in infants.

Children of walking age with severe DDH may require 
surgical intervention under general anesthesia to reduce a 
dislocated hip. Re-dislocation and avascular necrosis 
(AVN) of the femoral head are complications that fill the 
pediatric orthopedic surgeon with dread, with implications 

for further surgery and poor longer-term outcomes for the 
child.4–6 Pre-reduction Gallows traction is theorized to 
reduce the incidence of re-dislocation and being protective 
against AVN by reducing the height of the hip dislocation 
prior to reduction, in turn reducing soft-tissue tension and 
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Abstract
Background: Traction is used at our hospital before open reduction in infants with developmental dysplasia of the 
hip. Theoretically, it reduces soft-tissue tension, allowing an easier surgical reduction and therefore lower surgical 
complications. Owing to extended hospital stays, potential complications, and lack of evidence, the use of traction has 
decreased. This study aims to quantify whether traction is safe and whether it has any demonstrable effect.
Methods: The perioperative course of 80 patients undergoing preoperative traction and hip open reduction were 
reviewed. The height of hip dislocation was classified using the International Hip Dysplasia Institute classification system 
on both radiographs taken before and after traction. Any complications related to traction were recorded, along with 
the requirement for femoral shortening osteotomies, incidence of re-dislocation, and longer-term rate of avascular 
necrosis.
Results: Traction lowered the resting position of the majority of hips, with the median International Hip Dysplasia 
Institute grade before traction improving from 4 to 3, a statistically significant improvement (p < 0.00001). There were 
no neurovascular complications. Two babies were complicated with broken skin sores; however, surgery still progressed 
uneventfully. Zero hips in the cohort required femoral shortening osteotomies to achieve a tension-free reduction, and 
the re-dislocation rate was 0%. However, 96% of hips were Severin 1 or 2 at 6-year follow-up.
Conclusion: Notably, 1 week of preoperative traction significantly improves the resting position of the hip in high 
dislocations. It is safe when used in infants weighing <12 kg, and subsequent surgical outcomes are excellent, thus 
supporting its use ahead of developmental dysplasia of the hip open reduction surgery.
Level of evidence: Level IV.
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allowing a more straightforward surgical reduction. The 
evidence base for a preoperative traction regime is limited. 
Previous studies have identified a protective effect; how-
ever, recent studies suggest traction does not protect 
against re-dislocation and AVN. In addition, the existing 
literature on Gallows traction regarding the protective 
effect of pre-reduction traction on AVN mainly focuses on 
it use before closed reduction.7–15 To date, there does not 
appear to be existing literature on Gallows traction related 
to whether traction over the course of 1 week is effective in 
reducing the soft-tissue tension or decreases the height of 
hip dislocation before surgery, which ultimately is the the-
orized benefit of traction.7–15

The use of traction is associated with subsequent 
complications, with complications of traction reported 
in the literature from the 1950s. These included signifi-
cant neurovascular compromise and skin problems.16 
Therefore, a safe upper weight limit for Gallows traction 
is variably recommended as 12 and 16 kg to reduce the 
incidence of such complications, though this is based on 
historical Level 5 evidence.1,16–18 In addition, preopera-
tive traction extends the stay of patients in hospital and 
requires expert nursing care. It undoubtedly adds further 
burden to the surgical journey for both families and med-
ical teams alike.

Therefore, in combination with the current lack of clear 
evidence, many hospitals have stopped using preoperative 
traction in DDH. However, owing to the theorized protec-
tive effect against re-dislocation and AVN in the absence 
of a strong evidence to the contrary, coupled with excellent 
clinical outcomes following surgical reduction at our insti-
tution, Gallows traction has continued to be used at our 
institution for 1 week ahead of open reduction surgery in 
infants less than 12 kg in weight.

The aim of this study was twofold. First, we aimed to 
evaluate whether Gallows traction, as used at our institu-
tion preoperatively ahead of hip open reduction surgery, is 
safe within the 12 kg weight limit adopted. Second, for 
what appears to be the first time in the literature, we aimed 
to assess whether 1 week of preoperative traction has any 
noticeable effect on soft-tissue tension and height of hip 
dislocation. This was done by comparing the pre- and post-
traction imaging for the resting position of the hip, the 
requirement of femoral shortening procedures, and the re-
dislocation rate. The outcomes of this study would inform 
whether the existing practice of preoperative traction at 
our institution could be discontinued.

Materials and methods

This is a retrospective study of 80 infants who have under-
gone preoperative Gallows traction at our institution, 
ahead of hip open reduction surgery for DDH. Patients 
treated with Gallows traction were identified through the 
hospital database, having been granted ethical approval 

(Electronic Research and Governance Online (ERGO) Ref 
60802). The most recent 80 infants, with complete medical 
and nursing notes, undergoing traction prior to surgical 
reduction between 2010 and 2020, were reviewed to 
explore the two aims of this study:

(a) The safety of Gallows traction;
(b)  The effectiveness of Gallows traction in decreasing 

the height of the hip dislocation, with implication on 
soft-tissue tension and surgical outcomes.

Evaluating safety of traction

Overhead traction is performed by skilled staff and uses 
adhesives and a crepe bandage overwrap, as illustrated in 
Figure 1. Traction is used in all patients up to 12 kg, based 
on the historical evidence that weights > 12 kg are at 
increased risk of neurovascular complications.1,16–18 Patch 
testing for the adhesive used is done prior to the start of 
traction. During the traction regimen, patients are checked 
hourly for neurovascular complications. The bandages are 
also re-wrapped twice daily to allow the skin to be exam-
ined for cutaneous complications. This is the only time out 
of traction for the infant during the regime. Nappy/ diaper 
changing is not restricted by the infant being in traction. 
Feeding can occur with the child supine, though the trac-
tion arrangement allows the infant to spin around and lie 
on their front too.

The duration of traction for each patient was noted and 
patient’s weight was recorded to support the identification 
of a safe weight range for traction. Complications follow-
ing traction were identified by the review of all inpatient 
nursing and medical notes. Complications were catego-
rized into neurological, vascular, and cutaneous.

Figure 1. An infant happily undergoing Gallows traction ahead 
of hip open reduction surgery.
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Evaluating effectiveness of traction

All patients had a supine antero–posterior (AP) radiograph 
taken in the pediatric X-ray department on the day of admis-
sion, just before commencing their period of traction. A 
single AP image was repeated at the end of the period of 
traction, with traction removed. This was performed preop-
eratively in theater in the same supine position, under gen-
eral anesthetic (GA) and before any surgery had commenced. 
The resting position of the hip on the plain AP radiographs 
was categorized using the International Hip Dysplasia 
Institute (IHDI) classification system (Figure 2).19 The rest-
ing hip position was directly compared for each patient on 
the pre-traction radiograph to the post-traction (but preop-
erative) radiograph. A Wilcoxon signed-rank test was used 
to identify whether any change in resting hip position fol-
lowing traction was statistically different.

The intraoperative images and surgery notes were sys-
tematically reviewed to identify whether femoral shorten-
ing osteotomies were required intraoperatively to allow 
stable concentric reduction of the femoral head. 
Postoperative imaging and notes were then reviewed to 
identify hips which re-dislocated. All postoperative radio-
graphs were reviewed for the measurement of AVN. Three 
classification systems were used, in order for this 

assessment to be as comprehensive as possible, namely 
Kalamchi and MacEwen, Salter, and Severin 
classifications.

Results

Patient information

As planned, 80 babies were included in this cohort, com-
prising 48 females and 32 males. The median age at trac-
tion was 14 (range: 12–30) months. The mean weight of 
infants at the time of traction was 9.2 (5.2–12.5) kg. The 
mean follow-up was 6 years (range 24–144 months). All 
infants had standard hip open reduction surgery through an 
anterior approach after their preoperative traction.

Safety of traction

There were no neurological problems at any point in any 
infant. Regarding vascularity, there were three patients in 
whom transient sluggish capillary refill was reported. For 
each patient, this was for less than 2 h duration and war-
ranted observation only, without discontinuation of the 
traction. These infants weighed 6.8, 7.0, and 9.5 kg, respec-
tively. In a further nine patients, transient incidences of 
cool feet were reported. The weight of these patients 
ranged from 6.0 to 11.9 kg. There was no concern regard-
ing limb perfusion throughout any of these events, and 
traction was continued uneventfully in all cases.

Small unbroken skin sores were reported in 20 infants 
(25%), but this did not stop the continued use of traction 
nor caused any longer-term effects or scars. All 20 of these 
babies weighed >8 kg. Broken skin sores were reported in 
two infants, weighing 8.8 and 12.2 kg. Traction was dis-
continued on Day 5 in both these cases and not restarted. 
Having completed most of the traction, these children pro-
gressed to their surgery as planned on the seventh day fol-
lowing initial traction.

There were two infants in whom traction had to be ceased 
earlier due to infection. The infections were one case of gas-
troenteritis that developed on Day 2 of traction and one case 
of chicken pox that developed on Day 4. In both cases, the 
traction was promptly discontinued, and their surgery was 
postponed. Neither of these infections can be linked to the 
traction but do highlight the importance of continued nurs-
ing care. Each infection would have led to surgery being 
postponed irrespective of traction. Each infant returned to 
complete a full week of preoperative traction uneventfully 
ahead of their postponed hip surgery.

Effectiveness of traction ahead of surgery

Before traction, according to IHDI classification, 49 hips 
were classified as Grade IV, 27 hips were Grade III, and 4 
hips were Grade II. Following 1 week of preoperative 

Figure 2. (a) Radiological imaging outlining the IHDI 
classification system for hip position in DDH. The Right hip 
is normal and is IHDI I. The left hip is dislocated and is IHDI 
III. (b) A bar chart showing the resting position of each hip 
according to the IHDI classification system, both before and 
after traction. The red section shows the number of hips at 
IHDI grade IV, amber is for Grade III hips and green is for 
Grade II.
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Gallows traction, resting position was Grade IV in 24 hips, 
Grade III in 37 hips, and Grade II in 19 hips (Figure 2). An 
example of the resting hip position pre- and post-Gallows 
traction is illustrated in the radiographs in Figure 3.

From the 49 hips which were Grade IV before traction, 
24 remained Grade IV, though 23 became Grade III and 2 
became Grade II. Of the initial 27 Grade III hips, 14 
remained Grade III and 13 became Grade II. Four hips 
which were Grade II before traction did not change the 
position according to IHDI classification. A Wilcoxon 
signed-rank test indicated that the decrease in the height of 
the hip dislocation following traction was significant: pre-
traction (Median = IHDI 4), post-traction (Median = IHDI 
3), z = −5.51, p < 0.00001

Zero hips (0%) required femoral osteotomies to allow 
concentric reduction of the femoral head during open 
reduction. In addition, zero hips (0%) re-dislocated. AVN 
was measured by three classification methods, namely 
Kalamchi and MacEwen, Salter, and Severin. There were 
77 of 80 hips (96%) that were Severin 1 or 2 (excellent/
good) on the final radiograph at a mean follow-up of 

6 years (Figure 4(a)). Of the three hips demonstrating 
unsatisfactory radiological appearance, two were Severin 
Grade 3 and one was Severin Grade 4. According to the 
Salter grading (Figure 4(b)), only 3 of 80 hips (4%) were 
Grade 4 (fragmentation of femoral head) or 5 (residual 
deformity after reossification). The remainder (96%) either 
showed no signs of AVN (61/80), some ossific nucleus 
delay (5/80), or some broadening of the femoral neck 
(9/80). According to the Kalamchi and MacEwen grading, 
there were 13 out of 80 hips (16%) that demonstrated 
Grade 3 or 4 AVN (Figure 4(c)). The follow-up of this 

Figure 3. (a) Preoperative and pre-traction radiograph of 
a 13-month-old infant. The left hip is a high IHDI 4 hip. The 
right hip is also affected, to a lesser extent, and is IHDI 2. (b) 
Post-traction radiograph performed 7 days later, at rest with 
the traction removed, with the image intensifier before any 
surgery has commenced. Hilgenreiner’s line is plotted on both 
radiographs to illustrate the different resting positions of the 
hip. The left hip has improved from IHDI 4 to 3. The right 
hip is IHDI 2 on both radiographs, although can be seen to be 
nearer the anatomical level post-traction.

(a)

(b)

(c)

Figure 4. (a) Severin grade at mean of 6-year follow-up. 
Notably, 40 hips were Severin 1 (normal appearance), 37 hips 
were Severin 2 (mild deformity of the femoral head or neck 
or acetabulum), 2 hips were Severin 3 (dysplastic without 
subluxation), and 1 hip was Severin 4 (subluxed), (b) AVN grade 
using the Kalamchi and MacEwen classification system at mean 
of 6-year follow-up. Notably, 55 hips were Grade 0/1 (no AVN/
delayed appearance or mild irregularity of ossific nucleus but 
with no long-standing change to development), 11 hips were 
Grade 2 (lateral growth arrest), 9 hips were Grade 3 (central 
necrosis), and 5 hips were Grade 4 (whole-head necrosis). (c) 
Avascular grade using the Salter classification system at mean 
of 6-year follow-up. Notably, 61 were Grade 0 (no evidence of 
AVN), 1 hip was Grade 1 (no ossific nucleus after 1 year post-
reduction), 6 hips were Grade 2 (failure of growth in an existing 
ossifying nucleus for ≥ 1 year post-reduction), 9 hips were 
Grade 3 (broadening of the femoral neck), 2 hips were Grade 
4 (fragmentation of the femoral head), and 1 hip was Grade 5 
(residual deformity after reossification).
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cohort is longer than most papers on surgical outcomes of 
DDH, thus type 2 AVN (lateral growth arrest) is detected 
here (11/80 hips, 14%), whereas it has yet to become 
apparent in most papers that have shorter follow-up (20). 
Thus in all parameters, this cohort of hips that have under-
gone preoperative traction has a favorable rate of AVN 
compared to the existing literature.20–22

Discussion

There is remarkably little evidence to support or refute the 
use of preoperative Gallows traction prior to open reduc-
tion surgery of dislocated hips in infants. This study has 
confirmed it to be safe in infants up to 12 kg. We have also 
identified, for the first time in the literature, a significant 
improvement in the resting position of the hip following 
1 week of traction. Alongside this, there was no require-
ment for femoral shortening osteotomies to enable tension-
free reduction, which is a sign of the low soft-tissue 
tension. This is further validated by the fact that none of 
these hips re-dislocated and the AVN rates are extremely 
favorable to all published literature.20–22

Whether the period of traction and reduction in soft-
tissue tension has any translatable impact onto AVN and 
long-term outcomes is harder to establish, as the causes of 
AVN are complex and multifactorial. It can be difficult to 
tease out any protective effect of individual factors, which 
undoubtedly reflects conflicting views in the literature.7–15 
Previous studies have advocated the effectiveness of trac-
tion at preventing complications following closed reduc-
tion, particularly AVN.7–9 However, recent literature 
suggests traction does not affect the stability of reduction 
nor protect against AVN of the femoral head following 
closed reduction.13–15 The unproven protective effect of 
traction, combined with the added burden on nursing, 
resources, and family units, has resulted in a growing con-
sensus that traction has limited clinical utility.10–15

At a mean of 6-year follow-up in this study, 96% of this 
cohort were Severin 1 or 2 (excellent or good radiological 
appearance) on final follow-up. The Severin classification 
assesses both deformity of the femoral head and acetabu-
lum and evaluates the position of the femoral head in rela-
tion to the acetabulum, in doing so allowing accurate 
interpretation of the proximal femoral growth disturbance 
in this cohort of hips. The Severin rate in this cohort of 
operated hips concurs with the value from a cohort of 100 
hips from our center at 12-year follow-up, treated by the 
same surgeons with this identical perioperative regime, 
whereby 95% of hips are Severin 1 or 2 (excellent or 
good).23 Due to the changes in the Picture Archiving 
Computer System (PACS), many of the post-traction 
images were unavailable for analysis on this earlier cohort, 
otherwise, this group would have been used for this study.

Three classification systems for AVN were used to pro-
vide the most comprehensive assessment. All measure 

slightly different factors, thus numbers vary. The clinically 
significant rate of AVN reported here following surgery 
and the preoperative traction regime, by whichever classi-
fication chosen, is extremely favorable to the existing lit-
erature.20–22 This supports the theoretical protective use of 
preoperative Gallows traction, though clearly this study 
cannot conclude that it is a direct cause–effect phenome-
non. These favorable outcomes are undoubtedly multifac-
torial, perhaps contributed by the relatively high volume of 
open reduction cases performed at our institution, double 
consultant operating, and the familiarity of the theater 
teams with these cases. However even with a well-designed 
randomized controlled trial, these multiple influencing 
factors would be hard to account for. Nonetheless, these 
findings do support the case that preoperative Gallows 
traction can decrease the rate of AVN.

There were no permanent neurovascular complications 
in this cohort. Small unbroken skin sores (25% of patients) 
were common in our cohort. However, only two patients 
progressed to broken sores requiring cessation of traction, 
which were both on Day 5. These complications affecting 
the skin were not significant to the patient’s operative man-
agement and did not affect the final outcomes. Therefore, 
pre-reduction traction, as used at our institution, appears 
safe with up to 12 kg infant weight. It may be that a heavier 
weight limit is also safe, but as our institutional policy is up 
to 12 kg, then further comment cannot be made on weights 
above this. What is imperative is that there is appropriate 
nursing staff expertise to manage babies in traction. While 
almost all perceived complications were minor and tempo-
rary, with no action required, the monitoring of these 
requires a certain level of expertise, making it essential to 
have appropriately trained staff. The pediatric orthopedic 
nursing teams provide constant support to families while 
their baby is on traction. This undoubtedly explains why 
there was no infant for whom the traction had to be stopped 
prematurely due to the family not coping with it.

This study, for the first time, provided evidence of a 
reduction in soft-tissue tension around the hip, following 
traction. However soft-tissue tension cannot be directly 
measured, and “ease of reduction” would be entirely sub-
jective and hard to quantify. Therefore, this study evaluated 
what could be measured in a reproducible and meaningful 
way, namely whether traction altered the height of hip dis-
placement. Whether femoral shortening osteotomies were 
required to allow tension-free reduction, and the re-disloca-
tion rate, are also outcomes that are theoretically related to 
preoperative traction. The incidence of re-dislocation fol-
lowing open reduction is reported usually around 8% in the 
literature.20,24–26 Our rate of 0% re-dislocations therefore 
compares favorably, especially considering the majority of 
children in this study are high-grade dislocations and over 
a one-fourth of the cohort are late presentations after 
18 months of age. In addition, zero femoral shortening pro-
cedures were required to allow tension-free concentric 



176 Journal of Children’s Orthopaedics 18(2)

reductions without subsequent re-dislocation. Like “ease of 
reduction,” the avoidance of need for femoral osteotomy is 
subjective and a surgeon-dependent consideration, which is 
therefore a softer sign. However, in combination with the 
low re-dislocation rate, low AVN rate, and objective 
improvement in the resting position of the hip found in this 
study, the evidence for preoperative traction reducing soft-
tissue tension is compelling.

These results have changed clinical practice at our cen-
ter, with traction now only used for high-grade disloca-
tions (IHDI III and IV). This is based on the rationale that 
the low-grade dislocations (IHDI II) lacked the marked 
response from traction seen in the higher dislocations. The 
authors were surprised by the dramatic improvement in 

resting hip position of the high dislocations. We had 
expected there to be no notable change and that we would 
be able to dispense with the traditional preoperative trac-
tion regime. We surprised ourselves as to the effectiveness 
of preoperative traction, thus its use has been validated and 
continues in our practice, now with scientific justification. 
This study has also supported our preoperative consent 
process and justification to families.

A limitation of this study is that the pre-traction radio-
graphs were obtained in a preoperative clinic, whereas the 
post-traction images were taken under GA with traction 
removed before surgical reduction had started. Although 
both images are taken supine by experienced radiogra-
phers in identical positions, the key difference is the GA. 

Figure 5. (a) Bar chart showing the preoperative resting position of 10 hips that did not undergo preoperative traction. The first 
column is the standard departmental radiograph and the second column is the comparative film under GA but before any surgery. 
The red section is IHDI Grade IV hips and amber is for the Grade III hip. There is no change in the position on any hip, thus 
excluding the effect of GA on the cohort of hips that had preoperative traction in this study, (b) this is illustrated, and (c) with no 
difference seen. This should be compared to Figure 3, where the difference in resting hip position after traction is clear.
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Although there is no muscle relaxant used, the sedation 
effect of GA could still have an effect. Furthermore, a cry-
ing baby when awake in the X-ray room may add to mus-
cle tension. To address this potential major confounding 
factor, the senior author measured the position of the hip 
on preoperative images and intraoperative images on 10 
hips which were not eligible for traction, either because of 
being the second hip of bilateral disease to undergo reduc-
tion or over 12 kg at the time of surgery. In these 10 hips, 
there was no change in the resting position of the hip 
between preoperative radiograph and intraoperative image 
prior to surgery (Figure 5). This validates that the change 
in the position of the hip seen in this study post-traction is 
truly secondary to the use of traction and not an effect of 
the GA.

Since traction requires increased hospital stays and 
nursing involvement, in a landscape where there is increas-
ing financial restraints and resource shortages, a cost-
effective analysis would be invaluable. However, any 
health economic analysis is fraught with difficulties and 
requires, at least, consideration of later total hip replace-
ment, along with the ensuing time off work, reduction in 
tax contributions, and decreased economic contribution. 
That was not a part of this study. The favorable radio-
graphic outcomes would infer that total hip replacement  
would likely be later in adult life or less frequently required 
in our cohort than in other post-surgical cases.27 Thus, this 
would heavily offset any increased costs associated with 
extra days in hospital on preoperative traction. It would 
also be important to evaluate the psychological effect of 
traction on family units, an aspect of care which is incred-
ibly important and often overlooked. Engagement of our 
families is, however, excellent and the time enables further 
consent and discussion.

This study has now provided the clearest evidence to 
date of the beneficial effect of preoperative tract. By dem-
onstrating a true difference in resting hip position follow-
ing preoperative traction, this study supports the rationale 
that it decreases soft-tissue tension, allowing a stable ten-
sion-free surgical reduction while avoiding the additional 
complexity and surgical insult of femoral osteotomies. In 
combination with excellent clinical outcomes, including 
low re-dislocation and AVN rates, plus the excellent safety 
profile, this study supports the use of traction before open 
reduction surgery in high-grade dislocations.
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