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Patients With Lower Limb Deformity Report Worse
Quality of Life Than Control Subjects Regardless of
Degree of Deformity

ABSTRACT

Introduction: The purpose of this study was to determine how Limb

Deformity Modified Scoliosis Research Society (LD-SRS) scores differ

between patients with different types and degrees of limb deformity

compared with control subjects.

Methods: Patients who were.17 years and scheduled for

reconstructive surgery for limb lengthening or angular deformity with

internal and/or external fixation and healthy control subjects were

prospectively enrolled. Patients completed the LD-SRS preoperatively.

Mechanical axis deviation (MAD) and leg length discrepancy (LLD) were

recorded preoperatively. Participants were stratified into five groups based

on their diagnosis. ANOVAwas used to test for associations between LD-

SRS scores and diagnosis as well as mechanical axis deviation.

Results: Patients with LLD, angular deformity, or combined LLD and

angulardeformity reportedsignificantlyworsescores thancontrol subjects

in LD-SRS Function/Activity, Pain, Self-Image/Appearance, and total

score (P, 0.001 for all). Patients with short stature reported significantly

worse LD-SRS Self-Image/Appearance (P , 0.001) and total score

compared with control subjects (P = 0.015). There was a significant

correlation between LLD and LD-SRS Self-Image/Appearance in the

LLD and angular deformity group (r = 20.359, P = 0.043).

Discussion: Although LD-SRS scores were worse in patients with limb

deformity compared to controls, LD-SRS scores were not related to the

degree of deformity in most patients, indicating that patient self-

perception may be a construct unrelated to objective radiographic or

clinical findings.

Lower limb deformity can have a notable effect on quality of life.1-8

Previous studies have reported that patients with leg length discrepancy
(LLD) or angular deformity (ie, genu varum or valgum) frequently

report functional limitations when compared with healthy control subject
groups.2,4,6,7 In addition, patients with LLD, angular deformity, or short
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stature also report worse mental health and self-
image.5,6,8 One study by Montpetit et al8 found that
adolescent patients with lower limb deformities reported
markedly lower scores in physical health, psychosocial
health, and emotional functioning than the general
population before surgical intervention. However, with
recent advances in angular deformity correction and limb
lengthening, surgical intervention can result in improved
patient-reported and clinical outcomes.6,9

One important indication for surgical intervention in
lower limbdeformity is its effect on the patient’s quality of
life. To assess this effect, patient-reported outcome
measures (PROMs) are often used. To be useful and valid
in the clinical setting, PROMs need to be multidimen-
sional, addressing physical health and subjective per-
ceptions of the patients.10 A modified version of the
Scoliosis Research Society (SRS) outcome measure, the
Limb Deformity Modified SRS (LD-SRS), is currently the
only limb deformity-specific patient-reported outcome
measure, which was designed to capture patient per-
ceptions of their physical function, pain, mental health,
and self-image.11 However, differences between patients
with different types and degrees of lower limb deformities
using the LD-SRS have not yet been established.

Before surgical intervention, it is important to under-
stand how lower limb deformity affects patients’ percep-
tions of their quality of life. The purpose of this study was
to determine how LD-SRS scores differ between patients
with LLD, angular deformity, short stature, and healthy
control subjects. In addition, this study aimed to inves-
tigate if and how different degrees or severities of
deformity affect patient-reported quality of life. The in-
vestigators hypothesized that patients with LLD, angular
deformity and short stature would have worse LD-SRS
scores than healthy control subjects.

Methods
After obtaining IRB approval, patients scheduled for a
limb deformity surgery at the study institution were
prospectively enrolled. All included patients were at least
18 years of age and were scheduled for complex recon-

structive surgery for limb lengthening or angular defor-
mity with internal and/or external fixation. In addition,
30 healthy participants who were at least 18 years of age
with no history of lower extremity surgery were enrolled
prospectively through convenience sampling.

All participants completed the LD-SRS and a suite of
PROMIS domains (Global Mental Health, Global Physi-
cal Health, Pain Interference, Physical Function, and Pain
Intensity). Similar to the SRS instrument, the LD-SRS has
four domains including Function/Activity, Pain, Mental
Health, and Self Image/Appearance. Each domain is
scored from 1 to 5, with a higher score indicating better
quality of life (eg, a high LD-SRS Pain score indicates low
pain levels). The total LD-SRS score is an average of the
four domains, and a higher score indicates overall better
outcomes. The minimum clinically important difference
for theLD-SRS total score is0.3.11 The PROMIS domains
are normalized to a mean of 50 with an SD of 10. Higher
scores indicate more of the domain being measured (eg, a
high PROMIS Pain Interference score indicates a high
level of pain that interferes with daily life).

Participants were stratified into five groups based on
their underlying conditions as follows: (1) short stature, (2)
LLD, (3) angular deformity, (4) LLD with angular defor-
mity, and (5) normal control subjects. Surgery for short
stature was indicated for patients who presented at or
below the fifth height percentile for their age after psy-
chological assessment to rule out underlying psychological
conditions (eg, body dysmorphic disorder). For all the
noncontrol patient groups, mechanical axis deviation
(MAD) and LLD were recorded from the medical chart.
The greatestMADwas calculated between each leg for the
patients, and this valuewasused in statistical analyses. The
indication for surgery for LLD was a difference of greater
than 18 mm between leg lengths, and for angular defor-
mity, it was a deformity of greater than5� with symptoms.

Descriptive statistics were reported for all demographic
variables. Frequencies and percentages were reported for
categorical variables, andmeans and SDswere reported for
continuous variables. One-way ANOVA with Tukey post
hoc pairwise analysis was used to determine statistically
significant differences between groups of patients. Within

Dr. Fragomen or an immediate family member is a member of a speakers’ bureau or has made paid presentations on behalf of Nuvasive, Smith &
Nephew, Synthes; serves as a paid consultant to Nuvasive, Smith & Nephew, Synthes; serves as a board member, owner, officer, or committee member
of Limb Lengthening and Reconstruction Society. Dr. Rozbruch or an immediate family member has received royalties from Stryker; is a member of a
speakers’ bureau or has made paid presentations on behalf of Nuvasive, Smith & Nephew, Stryker; serves as a paid consultant to Nuvasive, Orthospin,
Smith & Nephew, Stryker; has stock or stock options held in Orthospin; serves as a board member, owner, officer, or committee member of Limb
Lengthening Reconstruction Society. Dr. Fabricant or an immediate family member serves as a board member, owner, officer, or committee member of
Pediatric Orthopaedic Society of North America, Pediatric Research in Sports Medicine Society, Research in OsteoChondritis of the Knee (ROCK);
Editorial or governing board of Clinical Orthopaedics and Related Research. None of the following authors or any immediate family member has received
anything of value from or has stock or stock options held in a commercial company or institution related directly or indirectly to the subject of this article:
Ms. Heath, Dr. Shin, Dr. Mehta, Mr. Principe, and Ms. Mackie.

2 Journal of the AAOS Global Research & Reviews® ---
-- August 2021, Vol 5, No 8 ---
-- © American Academy of Orthopaedic Surgeons

Limb Deformity Quality of Life Analysis



the LLD group and the LLDwith angular deformity group,
Pearson correlation coefficients were calculated for LLD
with the PROMs. In addition, within the angular deformity
and angular deformity with LLD groups, Pearson correla-
tions were calculated for the greatest MAD in each patient
with the PROMs.All tests were two-tailedwith significance
threshold set at P = 0.05.

Results
A total of 240 participants were included in this study,
including 18 patients with short stature, 49 patients with
an LLD, 94 patients with an angular deformity, 49 pa-

tients with a combined LLD and angular deformity, and
30 normal control subjects. Patients reported bilateral
deformities in two LLD cases, 13 angular deformity cases,
and two combined LLD and angular deformity cases.
Demographic characteristics are provided in Table 1.

Patients with LLD, angular deformity, or LLD with
combined angular deformity reported significantly worse
scores than control subjects in LD-SRS Function/Activity,
Pain, Self-Image/Appearance, and total score (P , 0.001
for all domains; Table 2). Patients with short stature
reported significantly worse scores than control subjects
in LD-SRS Self-Image/Appearance (P , 0.001) and total
score (P = 0.015) but were not significantly different in
any of the other domains (Function/Activity, Pain,
Mental Health). All significant differences between
groups on the LD-SRS total are shown in Figure 1. The
mean LD-SRS total score for all patient groups was lower
than the control subject group, and exceeded
the minimum clinically important difference of 0.3. There
were no notable differences between LLD, angular
deformity, and LLD with angular deformity groups for
any LD-SRS domains. Patients with short stature
reported significantly better scores than other patient
groups for LD-SRS Function/Activity, Pain, and total
score (P , 0.01 for all) but were not significantly dif-
ferent from other patient groups in Self-
Image/Appearance. Patients with LLD with angular
deformity reported significantly worse Mental Health
outcomes than control subjects (P = 0.021), but there
were no other significant differences between groups in
the Mental Health domain.

In the PROMIS domains, patients with LLD, angular
deformity, or LLD with angular deformity reported sig-
nificantly worse scores than control subjects and patients
with short stature in Pain Interference, Physical Function,
Pain Intensity, and Global Physical Health (P , 0.001
for all; Table 3). There were no significant differences

Table 1. Demographic Characteristics of Included
Study Participants

Demographic
Characteristic N (%) M (SD)

Sex

Male 132 (55) —

Female 108 (45) —

Race

White 149 (62) —

African American 24 (10) —

Asian 27 (11) —

Other 39 (16) —

Declined 1 (1) —

Ethnicity

Hispanic 23 (10) —

Non-Hispanic 212 (88) —

Declined 5 (2) —

Age — 36.5 (16.7)

BMI — 26.0 (6.6)

Table 2. Limb Deformity-SRS (LD-SRS) Scores by the Study Group

LD-SRS Domain

LLD
Angular
Deformity

LLD and Angular
Deformity

Short
Stature

Control
Subjects

M (SD) M (SD) M (SD) M (SD) M (SD)

Function/Activity 3.34 (0.93)a 3.44 (0.78)a 3.42 (0.87)a 4.16 (0.62) 4.47 (0.42)

Pain 3.65 (0.93)a 3.57 (0.81)a 3.61 (0.97)a 4.81 (0.35) 4.84 (0.26)

Mental health 4.00 (0.82) 3.91 (0.74) 3.76 (0.75)a 3.94 (0.81) 4.31 (0.74)

Self-Image/Appearance 3.15 (0.83)a 3.00 (0.78)a 3.07 (0.71)a 3.19 (0.79)a 4.73 (0.43)

Total 3.53 (0.73)a 3.48 (0.58)a 3.46 (0.63)a 4.02 (0.50)a 4.59 (0.37)

LD-SRS = Limb Deformity-SRS, LLD = leg length discrepancy; SRS = Scoliosis Research Society
aIndicates a significant difference (P , 0.05) from the control subject group.
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between LLD, angular deformity, and LLDwith angular
deformity groups in any of the PROMIS domains. There
were also no significant differences between patients
with short stature and control subjects in any of the
PROMIS domains. Finally, patients with LLD reported
significantly worse Global Mental Health than control
subjects (P = 0.020), but there were no other significant
differences between groups in that domain.

When assessing the degree of deformity within patient
groups, no significant correlations were found between
LLD and LD-SRS scores in the LLD group, but there
was a significant correlation between LLD and LD-SRS
Self-Image/Appearance in the LLD with combined
angular deformity group (r = 20.359, P = 0.043). In
addition, there was no correlation between MAD and
LD-SRS scores in the angular deformity group or the
LLD with angular deformity group.

Discussion
The purpose of this study was to characterize baseline/
preoperative PROMIS and LD-SRS scores in patients with
lower limb deformity compared with healthy control sub-
jects. To this end, this study found that patients with LLD,
angular deformity, or both reported worse physical
function/activity, pain, and self-image/appearance than
healthy control subjects based on PROMIS and LD-SRS
outcome scores. Previous studies have also found func-
tional limitations, pain, and lower self-image in patients
with LLD or angular deformity.2,4,6-8 These findings are
important for understanding the deficits caused by these
lower limb deformities and how to assess them in a clinical
setting as a possible indication for surgery.

Another important finding of this study was the
self-image/appearance outcome in patients with short

Figure 1

Graph showing mean LD-SRS total scores for each patient with leg length discrepancy (LLD), angular deformity, LLD with combined
angular deformity, short stature, and control subjects. Error bars represent 1 SD of the mean. Notable differences between groups are
denoted with brackets.

Table 3. PROMIS Scores by the Study Group

PROMIS Domain

LLD
Angular
Deformity

LLD and Angular
Deformity Short Stature

Control
Subjects

n M (SD) n M (SD) n M (SD) n M (SD) n M (SD)

Physical Function 47 41.7 (12.6)a 87 42.5 (9.91)a 44 42.2 (9.34)a 18 59.0 (11.5) 30 60.3 (7.4)

Pain Interference 31 58.7 (9.8)a 76 57.9 (7.7)a 41 55.5 (9.4)a 11 42.2 (8.1) 30 42.4 (5.6)

Pain Intensity 44 44.2 (10.2)a 85 46.9 (8.6)a 44 45.9 (9.2)a 18 33.5 (5.3) 30 33.1 (4.2)

Global Mental Health 32 48.3 (9.1)a 78 52.5 (8.6) 41 49.7 (9.8)a 12 50.9 (10.6) 30 55.3 (7.8)

Global Physical Health 32 43.1 (11.3)a 78 45.8 (8.0)a 41 44.8 (7.7)a 12 58.5 (8.8) 30 57.9 (7.1)

LLD = leg length discrepancy
aIndicates a significant difference (P , 0.05) from the control subject group.
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stature. Although these patients did not display the
functional limitations or pain that other patients with
lower limb deformity reported, patients with short stat-
ure reported low self-image related to their lower limbs,
similar to that of patientswith LLDor angular deformity.
Previous studies have shown that short stature can have a
notable effect on psychosocial health.5 Limb lengthening
complications are not uncommon,12 but many patients
report higher self-esteem and overall satisfaction after the
procedure.13,14 It is important to determine a patient’s
perspective when considering surgical intervention for
short stature. In addition, the LD-SRS was able to detect
this difference in self-image between patients with short
stature and control subjects, whereas the other PROMIS
domains were not. This indicates that PROMs specific to
lower limb deformity that assess self-image may be
essential in determining a patient’s perception.

Anothernotable finding from this studywas that,with the
exception of self-image in patients with LLD with angular
deformity, degree/severity of deformity was seemingly not
relatedtopatients’ perception of their self-image/appearance,
function/activity, pain, or mental health. Previous studies of
patients with adolescent idiopathic scoliosis (AIS) found that
larger Cobb angles preoperatively were associated with
worse pain, function, activity, and self-image.15,16 Another
study in children found worse psychosocial outcomes with
increasing LLD.17 However, the LD-SRS was designed to
capture patient self-perceptions rather than objective clinical
findings,11whichmay explainwhy themagnitude of LLDor
angular deformity was not associated with LD-SRS scores in
most patients.

One of the strengths of this study includes the use of a
lower limb deformity-specific validated patient-reported
outcome measure. While more general Patient-Reported
OutcomesMeasurement Information System (PROMIS)
scales did capture notable differences in outcomes
between the patients with limb deformity and control
subjects, the LD-SRS also reported differences in self-
image/appearance and used fewer overall questions
within the single questionnaire. There is currently no
PROMIS domain for assessing deformity-related self-
image. Therefore, the LD-SRS is an optimalway to assess
presurgical lower limb deformity patient perceptions
with low burden to the patient.

In addition to its strengths, this study had several
limitations. Because this was a retrospective analysis of
prospectively collected data, no a priori power analysis
was done. In addition, some patient groups had few
participants, so some analyses may have been under-
powered. Although this does not weaken the positive
findings of this study, drawing conclusions using non-

significant associations should be made with caution. In
addition, several PROMIS formswere incomplete for the
included participants, reducing the sample size for
PROMIS analyses and therefore weakening conclusions
related to PROMIS scores. Another limitation was the
lack of an additional self-image or appearance-related
scale with which to compare the LD-SRS scores. How-
ever, no applicable self-image domain currently exists for
PROMIS.18,19 In addition, patients were not categorized
by underlying diagnosis or number of deformities. These
factors might have an effect on self-perception as well.
Future prospective studies with more participants
should study how these diagnoses affect self-perception.
Finally, the investigators selected a small convenience
sample of healthy control subjects because of hospital
COVID-19 restrictions on research. These control
subjects may have had different demographic charac-
teristics than the study population, which may have
introduced bias of unclear clinical relevance. Future
studies could investigate this further with more closely
matched control subjects.

In conclusion, this study found notable differences in
physical function, pain, and self-image between patients
with lower limb deformities and healthy control subjects.
This study further validates the LD-SRS as an objective
and quantitative measure of patient perception and
quality of life in patients with lower limb deformity.
Radiographic measurements of degree/severity of
deformity were not related to LD-SRS scores on average,
indicating that patient self-perception may be unrelated
to objective radiographic or clinical findings.
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limb lengthening in patients of short stature. Indications, complications

and results [in French]. Rev Chir Orthop Reparatrice Appar Mot 1994;80:

634-641.

14. Assayag M, Buksbaum JR, Khabyeh-Hasbani N, Westrich EK,
Fragomen AT, Rozbruch SR: Psychological and orthopedic outcomes
after stature lengthening surgery using intramedullary nails. J Limb

Lengthening Reconstr 2020;6:28-32.

15. Tsutsui S, Pawelek J, Bastrom T, et al: Dissecting the effects of spinal

fusion and deformity magnitude on quality of life in patients with adolescent

idiopathic scoliosis. Spine (Phila Pa 1976) 2009;34:E653-E658.

16. Bago J, Sanchez-Raya J, Perez-Grueso FJ, Climent JM: The trunk

appearanceperception scale (TAPS): A new tool to evaluate subjective impression

of trunk deformity in patients with idiopathic scoliosis. Scoliosis 2010;5:6-9.

17. Vitale MA, Choe JC, Sesko AM, et al: The effect of limb length

discrepancy on health-related quality of life: Is the “2 cm rule” appropriate?

J Pediatr Orthop B 2006;15:1-5.

18. Bernstein DN, Papuga MO, Sanders JO, Rubery PT, Menga EN,
Mesfin A: Evaluating the correlation and performance of PROMIS to
SRS questionnaires in adult and pediatric spinal deformity patients.
Spine Deform 2019;7:118-124.

19. Raad M, Jain A, Huang M, et al: Validity and responsiveness of
PROMIS in adult spinal deformity: The need for a self-image domain.
Spine J 2019;19:50-55.

6 Journal of the AAOS Global Research & Reviews® ---
-- August 2021, Vol 5, No 8 ---
-- © American Academy of Orthopaedic Surgeons

Limb Deformity Quality of Life Analysis


