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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Post-traumatic elbow contracture in children 

may include osseous, capsular, scar-related, muscular, and pain-
related components. Range-of-motion measurement alone does 
not fully characterize limitations in daily activities and quality 
of life.

Objective: To describe the baseline instrumental and functional 
profile of children with post-traumatic elbow contracture and 
to assess the concordance of joint-specific function with upper-
limb disability, manual ability, and quality of life.

Methods: This cross-sectional analysis used baseline data 
from a prospective controlled study conducted in 2023-2025. 
The sample included 216 children aged 6-16 years assigned by 
non-randomized stratified matching to the intervention cohort 
(n=102) or comparison cohort (n=114). Baseline assessment 
included radiography, multislice computed tomography (MSCT) 
with three-dimensional (3D) reconstruction, ultrasonography 
with elastography, electronic goniometry, pain assessment, 
the Mayo Elbow Performance Score (MEPS), the Disabilities 
of the Arm, Shoulder and Hand questionnaire (DASH), the 
ABILHAND-Kids manual ability questionnaire, and the 
Pediatric Quality of Life Inventory (PedsQL). Mean differences, 
95% confidence intervals (CIs), Hedges standardized effect 
size (Hedges g), Fisher exact tests, and Spearman correlation 
coefficients were calculated.

Results: All 216 participants were included, and no baseline 
data were missing. The most frequent findings were joint-space 
narrowing in 28 children (13.0%; 95% CI 9.1-18.1%), osseous 
block in 27 (12.5%; 95% CI 8.7-17.6%), and capsular thickening 
in 27 (12.5%; 95% CI 8.7-17.6%). Between-group differences 
were small for flexion, extension deficit, MEPS, DASH, and 
PedsQL, with all p values >0.05 and |g|≤0.20. MEPS correlated 
with DASH (r=-0.62), ABILHAND-Kids (r=0.57), and PedsQL 
(r=0.51); all p<0.001.

Conclusion: Baseline assessment of pediatric post-traumatic 
elbow contracture should integrate morphology, range of 
motion, pain, and patient-oriented function. The two cohorts 
were broadly comparable before rehabilitation. Moderate 
correlations indicate that the functional instruments capture 
related but non-interchangeable domains.

Key words. Post-traumatic contracture, elbow, children, 
computed tomography, ultrasonography, range of motion, mayo 
elbow performance score, disabilities of the arm, shoulder and 
hand, ABILHAND-Kids, pediatric quality of life inventory.

Abbreviations:
3D: Three-Dimensional; ABILHAND-Kids: Manual 

Ability Questionnaire for Children; CI: Confidence Interval; 
CTDIvol: Volume Computed Tomography Dose Index; DASH: 
Disabilities of the Arm, Shoulder and Hand Questionnaire; 
DLP: Dose-Length Product; MEPS: Mayo Elbow Performance 
Score; MRI: Magnetic Resonance Imaging; MSCT: Multislice 
Computed Tomography; PedsQL: Pediatric Quality of Life 
Inventory; QuickDASH: Abbreviated DASH questionnaire; 
ROM: Range of Motion; STROBE: Strengthening the Reporting 
of Observational Studies in Epidemiology; VAS: Visual Analog 
Scale.
Introduction.

The elbow is characterized by high articular congruence, 
complex capsuloligamentous organization, and close anatomical 
proximity of neurovascular structures. After fractures, 
dislocations, surgery, or immobilization, intra-articular and 
extra-articular restrictions may develop because of osseous 
impingement, articular-surface deformity, capsular thickening 
and fibrosis, scar formation, and impaired musculotendinous 
gliding [1-3].

The clinical interpretation of restricted motion has additional 
implications in childhood. Remaining growth potential supports 
remodeling; however, a persistent deficit in flexion, extension, 
or forearm rotation can disrupt motor patterns, self-care, 
handwriting, play, and sports. Even when ROM is relatively 
preserved, pain, fear of movement, and weakness may limit 
real-life use of the limb [4].

Imaging is required to identify the dominant mechanism of 
contracture. Computed tomography is more sensitive than 
standard radiography for small osteophytes, loose bodies, and 
sites of osseous block, while 3D reconstruction facilitates spatial 
assessment of deformity [5]. Ultrasonography and elastography 
complement bone imaging by providing information on the 
capsule, scars, tendons, ligaments, and mechanical properties 
of muscle. MRI can be used when clarification of cartilage and 
periarticular soft-tissue status is required [6].

Outcome selection remains challenging. Goniometry captures 
biomechanics but does not indicate how effectively a child uses 
the arm in daily life. Pediatric elbow studies have used MEPS, 
QuickDASH or the full DASH questionnaire, pain scales, and 
quality-of-life measures [7-9]. ABILHAND-Kids evaluates 
predominantly bimanual activities [10], whereas PedsQL 
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assesses physical, emotional, social, and school functioning 
[11,12].

Most published studies address surgical treatment of persistent 
contracture and include relatively small pediatric samples 
[7,8,13-17]. A comprehensive baseline profile of a large cohort 
before rehabilitation has been studied less extensively. Such a 
profile is required for patient stratification, rational selection of 
loading, and correct interpretation of subsequent change.

The objective of this study was to describe the comprehensive 
baseline instrumental and functional profile of children with 
post-traumatic elbow contracture and to assess the concordance 
of objective joint function with upper-limb disability, manual 
ability, and quality of life. We hypothesized that morphological, 
biomechanical, and patient-oriented measures would be related 
but non-interchangeable and that the groups formed for follow-
up would show no clinically important baseline imbalance.
Materials and Methods.
Study design and setting:

A cross-sectional analysis was performed using baseline data 
collected before rehabilitation within a prospective controlled 
study conducted in 2023-2025. The clinical site was the 
Samarkand Branch of the Republican Specialized Scientific and 
Practical Medical Center of Traumatology and Orthopedics. 
Reporting followed the STROBE recommendations [18]. This 
article does not evaluate rehabilitation effectiveness and does 
not interpret between-group differences as treatment effects.
Participants and group formation:

The study consecutively enrolled 216 children and adolescents 
aged 6-16 years with clinically confirmed post-traumatic elbow 
contracture. An orthopedic trauma surgeon established the 
diagnosis when at least one movement remained restricted 
relative to the contralateral limb and the clinically expected age-
specific range after the acute phase of injury. For subsequent 
follow-up, participants were assigned by non-randomized 
stratified matching for age, sex, and time since injury to the 
intervention group (n=102) or comparison group (n=114). The 
comparison group comprised children with the same condition 
and was not a healthy control group.
Eligibility criteria:

Inclusion criteria were age 6-16 years; post-traumatic 
contracture after fracture, dislocation, or surgery; measurable 
restriction of flexion, extension, pronation, and/or supination; 
stable general health; and written informed consent from a parent 
or legal guardian. Exclusion criteria were neurological disorders 
associated with spasticity or marked motor impairment, active 
septic arthritis or osteomyelitis, other active infection or 
inflammation, decompensated comorbidity, recurrent injury 
during assessment, or inability to complete the functional 
instruments.
Instrumental assessment:

Standard radiography and MSCT of the affected elbow with 
3D reconstruction were performed as part of clinically indicated 
assessment; no additional scanning was undertaken solely 
for research. MSCT was performed using a 16-slice Siemens 
Somatom Emotion-16 scanner with 16×0.75-mm collimation. 

Reports documented osseous block, humeral condylar deformity, 
joint-space narrowing, and osteophytes. Ultrasonography with 
elastography assessed capsular thickening, soft-tissue scarring, 
reduced muscle elasticity, and tendon or ligament structural 
abnormalities. A 1.5-T MRI examination was performed when 
clinically indicated, but descriptive MRI results were excluded 
from quantitative between-group analyses.
Morphological classification:

For additional clinical interpretation, findings were grouped 
into four categories. The osseous phenotype was defined by at 
least one osseous finding without soft-tissue findings; the soft-
tissue phenotype by at least one soft-tissue finding without 
osseous findings; the combined phenotype by both osseous 
and soft-tissue findings; and the no-visible-change category by 
absence of all prespecified findings. Individual findings within a 
category could coexist.
Clinical and biomechanical assessment:

Active flexion, extension, pronation, and supination were 
measured with an electronic goniometer in standardized 
positions. Each movement was recorded two or three times, 
and the mean was analyzed. Extension was expressed as the 
extension deficit in degrees. Pain was assessed separately at rest 
and during movement using a 0-10 VAS; a facial visual scale 
was used in younger children.
Functional instruments:

MEPS was completed by a clinician and incorporated pain, 
ROM, stability, and activities of daily living; a higher score 
indicated better function. DASH was used as a 0-100 index 
of upper-limb disability, with higher scores indicating greater 
limitation. ABILHAND-Kids was completed by a parent or 
legal guardian and expressed on a 0-100 scale, with higher 
scores indicating better manual ability. The age-appropriate 
child self-report or parent-proxy version of PedsQL was used; 
higher scores indicated better quality of life.
Outcomes:

Primary outcomes were baseline ROM and total MEPS. 
Secondary outcomes were the frequency of prespecified 
structural findings, pain categories, DASH, ABILHAND-Kids, 
and PedsQL scores, and correlations among functional scales. 
Between-group comparison was used solely to evaluate baseline 
balance before follow-up.
Statistical analysis:

Analysis was performed on de-identified individual data. 
Continuous variables are reported as mean and standard 
deviation; categorical variables as number and percentage. Welch 
t tests were used for continuous between-group comparisons, 
with calculation of mean differences, 95% CIs, and Hedges 
g. Categorical variables were compared using chi-square or 
two-sided Fisher exact tests. Wilson 95% CIs were calculated 
for the overall prevalence of structural findings. Associations 
between total scale scores were evaluated with Spearman rank 
correlations, and 95% CIs were approximated using Fisher z 
transformation. Because the analysis was exploratory, p values 
were interpreted together with CIs and effect sizes and were 
not used to establish equivalence. Significance was two-sided 
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at p<0.05. Calculations were performed in Python using SciPy 
and statsmodels.
Data completeness and ethics:

Demographic, imaging, goniometric, pain, and functional-scale 
data were available for all 216 participants. No observations 
were excluded and no statistical imputation was used. The study 
complied with the Declaration of Helsinki. Written informed 
consent was obtained from parents or legal guardians, and age-
appropriate assent was obtained from children. The protocol 
was approved by the Local Ethics Committee of Samarkand 
State Medical University (protocol No. 3, October 2023).
Results.
Participant characteristics:

All 216 enrolled children were included: 102 in the intervention 
group and 114 in the comparison group. Mean age was 11.2±3.0 
years; 138 participants (63.9%) were boys and 78 (36.1%) were 
girls. The right elbow was affected in 126 children (58.3%) and 
the left in 90 (41.7%). Mean time from injury to assessment 
was 6.1±2.7 months. Initial injuries were supracondylar fracture 
in 140 children (64.8%), transcondylar fracture in 50 (23.1%), 
and dislocation or combined injury in 26 (12.1%). Before 
enrollment, 154 children (71.3%) had received conservative 
treatment and 62 (28.7%) had undergone surgery.

Baseline demographic comparability is summarized in Table 1. 
Age was examined both continuously and by four prespecified 
age strata, while sex distribution was compared between the two 
cohorts.

The groups were closely similar in age and sex. The 95% CI 
for the age difference included zero, and the standardized age 
difference was negligible. These findings support demographic 
balance, although lack of statistical significance does not 
constitute proof of equivalence.

Morphological profile:
The morphological profile was evaluated using MSCT, 

ultrasonography, and elastography. Structural findings were 
not mutually exclusive and could coexist in one child; their 
frequencies should therefore not be summed as separate 
categories.

The most frequent finding was joint-space narrowing in 28 
children (13.0%), followed by osseous block and capsular 
thickening, each in 27 (12.5%). The largest percentage-point 
differences were observed for osseous block (4.2 points; 95% 
CI -4.7 to 13.1; p=0.412) and osteophytes (3.5 points; 95% CI 
-3.0 to 9.9; p=0.392). All CIs included zero.

For visual comparison of the two morphological profiles, the 
frequencies of individual osseous and soft-tissue findings are 
presented in Figure 1.

Figure 1 confirms the similar distribution of individual 
morphological findings. In the integrated classification, osseous-
only changes were identified in 12 children in the intervention 
group (11.8%) and 13 in the comparison group (11.4%); soft-
tissue-only changes in 10 (9.8%) and 11 (9.6%); and combined 
changes in 15 (14.7%) and 16 (14.0%), respectively. No 
prespecified structural finding was identified in 65 (63.7%) and 
74 (64.9%) children. The four-category distribution did not 
differ (χ²=0.036; p=0.998).
Clinical and functional measures:

Following instrumental assessment, baseline ROM and 
functional scale scores were compared. Mean flexion was 
128.1±12.2° in the intervention group and 127.7±11.4° in the 
comparison group, corresponding to a difference of 0.4° (95% 
CI -2.8 to 3.6; g=0.03; p=0.804).

All 95% CIs for between-group differences included zero, 
and absolute Hedges g values did not exceed 0.20. The largest, 
but still small, baseline effect was observed for PedsQL (g=-

Figure 1. Frequency of osseous and soft-tissue changes in the study groups.



184

Figure 2. Correlation matrix of the functional scales.
Note: Blue indicates a positive correlation; red indicates a negative correlation. All off-diagonal correlations: p<0.001.

Variable Intervention, n=102 Comparison, n=114 Total, n=216 p
Age, years 11.1±2.9 11.3±3.1 11.2±3.0 0.625
Boys, n (%) 65 (63.7) 73 (64.0) 138 (63.9) 0.962
Girls, n (%) 37 (36.3) 41 (36.0) 78 (36.1) 0.962
6-8 years, n (%) 19 (18.6) 21 (18.4) 40 (18.5) 1.000*
9-11 years, n (%) 32 (31.4) 36 (31.6) 68 (31.5)
12-14 years, n (%) 34 (33.3) 38 (33.3) 72 (33.3)
15-16 years, n (%) 17 (16.7) 19 (16.7) 36 (16.7)

Table 1. Baseline demographic characteristics of the groups.

Data are mean±standard deviation or n (%). *Overall chi-square test for four age categories: χ²=0.002; p=1.000. The mean age difference was 
-0.2 years (95% CI -1.0 to 0.6); Hedges g=-0.07.

Structural finding Intervention, n=102 Comparison, n=114 Total, n=216 p
Osseous block 15 (14.7) 12 (10.5) 27 (12.5; 95% CI 8.7-17.6) 0.412
Humeral condylar deformity 11 (10.8) 9 (7.9) 20 (9.3; 95% CI 6.1-13.9) 0.490
Joint-space narrowing 13 (12.7) 15 (13.2) 28 (13.0; 95% CI 9.1-18.1) 1.000
Osteophytes 8 (7.8) 5 (4.4) 13 (6.0; 95% CI 3.6-10.0) 0.392
Capsular thickening 13 (12.7) 14 (12.3) 27 (12.5; 95% CI 8.7-17.6) 1.000
Soft-tissue scarring 11 (10.8) 10 (8.8) 21 (9.7; 95% CI 6.4-14.4) 0.652
Reduced muscle elasticity 9 (8.8) 8 (7.0) 17 (7.9; 95% CI 5.0-12.2) 0.801
Tendon/ligament abnormality 6 (5.9) 5 (4.4) 11 (5.1; 95% CI 2.9-8.9) 0.759

Table 2. Frequency of structural changes in the elbow joint.

Data are n (%). Overall prevalence CIs were calculated using the Wilson method; p values are two-sided Fisher exact tests.
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Measure Intervention, n=102 Comparison, n=114 p Difference (95% CI); Hedges g
Flexion, degrees 128.1±12.2 127.7±11.4 0.804 0.4 (-2.8 to 3.6); 0.03
Extension deficit, degrees 7.3±5.1 8.3±6.1 0.191 -1.0 (-2.5 to 0.5); -0.18
Pronation, degrees 74.4±10.4 73.7±9.5 0.608 0.7 (-2.0 to 3.4); 0.07
Supination, degrees 76.6±9.3 77.5±10.4 0.503 -0.9 (-3.5 to 1.7); -0.09
MEPS, 0-100 85.6±9.2 86.1±8.4 0.678 -0.5 (-2.9 to 1.9); -0.06
DASH, 0-100 21.6±7.3 20.9±6.7 0.465 0.7 (-1.2 to 2.6); 0.10
ABILHAND-Kids, 0-100 78.4±10.2 79.6±9.8 0.380 -1.2 (-3.9 to 1.5); -0.12
PedsQL, 0-100 81.3±8.4 82.9±7.4 0.141 -1.6 (-3.7 to 0.5); -0.20

Table 3. Baseline clinical and functional measures.

Differences are intervention minus comparison. Higher scores indicate better function for MEPS, ABILHAND-Kids, and PedsQL, and greater 
disability for DASH.

Pain intensity Rest: intervention Rest: comparison Movement: intervention Movement: comparison
0, no pain 18 (17.6) 21 (18.4) 5 (4.9) 6 (5.3)
1-3, mild 64 (62.7) 70 (61.4) 36 (35.3) 38 (33.3)
4-6, moderate 18 (17.6) 20 (17.5) 54 (52.9) 58 (50.9)
7-10, severe 2 (2.0) 3 (2.6) 7 (6.9) 12 (10.5)

Table 4. Distribution of pain intensity on a 0-10 scale.

Data are n (%). Between-group distributions: pain at rest χ²=0.138, p=0.987; pain during movement χ²=0.940, p=0.816.

Measure MEPS DASH ABILHAND-Kids PedsQL
MEPS 1.00 -0.62* 0.57* 0.51*
DASH -0.62* 1.00 -0.55* -0.48*
ABILHAND-Kids 0.57* -0.55* 1.00 0.53*
PedsQL 0.51* -0.48* 0.53* 1.00

Table 5. Correlations between functional indices.

Spearman correlation coefficients. *p<0.001. 95% CIs: MEPS-DASH -0.70 to -0.53; MEPS-ABILHAND-Kids 0.47 to 0.65; MEPS-PedsQL 0.40 
to 0.60; DASH-ABILHAND-Kids -0.64 to -0.45; DASH-PedsQL -0.58 to -0.37; ABILHAND-Kids-PedsQL 0.43 to 0.62.

0.20). Thus, lack of statistically significant differences was 
accompanied by no clinically substantial baseline imbalance.
Pain intensity:

Pain was analyzed separately at rest and during movement 
because load-related pain may limit active mobilization and the 
quality of exercise performance.

At rest, no or mild pain was reported by 82 of 102 children in 
the intervention group (80.3%) and 91 of 114 in the comparison 
group (79.8%). During movement, moderate or severe pain 
was reported by 61 (59.8%) and 70 (61.4%), respectively. No 
between-group difference was detected, but the high prevalence 
of load-related pain in both groups is directly relevant to 
mobilization dosing.
Correlations between functional indices:

The functional instruments showed internally coherent 
directions of association. MEPS correlated negatively with 
DASH and positively with ABILHAND-Kids and PedsQL. The 
complete Spearman correlation matrix is shown in Table 5.

The strongest association was between MEPS and DASH (r=-
0.62), consistent with the opposite direction of these scales. The 
correlation between ABILHAND-Kids and PedsQL was r=0.53. 
No coefficient reached an absolute value of 0.70, indicating that 
the instruments capture related but distinct components of the 
child’s condition.

The direction and magnitude of the Spearman coefficients are 
visualized in Figure 2.

The matrix confirms the strongest inverse relationship between 

MEPS and DASH and positive relationships of MEPS with 
manual ability and quality of life. The moderate coefficients 
(|r|=0.48-0.62) indicate partial rather than complete overlap 
among the measured constructs.
Discussion.

The main finding is that the baseline status of children with 
post-traumatic elbow contracture is determined by a combination 
of structural, biomechanical, pain-related, and patient-oriented 
components. Between-group differences were nonsignificant, 
all 95% CIs included zero, and standardized effects were small. 
These findings support baseline comparability of the two 
cohorts but do not formally demonstrate equivalence and do not 
characterize the effectiveness of subsequent rehabilitation.

The morphological profile was heterogeneous. Osseous block, 
articular-surface deformity, and joint-space narrowing represent 
mechanical restriction, whereas capsular thickening, scarring, 
and reduced muscle elasticity contribute to the soft-tissue 
component. Contemporary reviews classify stiffness as osseous, 
soft-tissue, or combined and recommend directing treatment 
toward the dominant mechanical barrier [1-3]. The present 
findings are consistent with this concept: a combined phenotype 
was identified in approximately 14% of children, while 
absence of prespecified structural findings in most participants 
highlights the possible contribution of pain, functional muscular 
imbalance, and subtle capsular change.

The relatively low frequency of osteophytes is expected in a 
pediatric cohort assessed at a mean of approximately six months 
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after injury. Nevertheless, even small osseous formations 
can restrict terminal motion. Alnusif et al. reported greater 
sensitivity of computed tomography than radiography for 
osteophytes and loose bodies [5]. Practical imaging algorithms 
recommend CT for spatial assessment of osseous impingement 
and non-ionizing modalities for soft-tissue clarification [6]. In 
pediatric practice, the indication for MSCT must always be 
balanced against radiation exposure.

Mean flexion approached the range required for many 
activities of daily living but did not exclude functional difficulty. 
Gates et al. showed that basic activities may require flexion to 
approximately 121°, while actual function also depends on 
forearm rotation and shoulder and wrist motion [4]. In this cohort, 
approximately 60% of children experienced moderate or severe 
pain during movement, which may limit active mobilization 
even when mean ROM appears relatively preserved.

Mean MEPS suggested good local elbow function, whereas 
DASH remained above zero and ABILHAND-Kids and 
PedsQL did not reach their maximum values. This divergence is 
expected because the tools assess different constructs. Nowotny 
et al. used ROM, VAS, the Oxford Elbow Score, MEPS, and 
QuickDASH concurrently in a pediatric arthroscopy series [8], 
and Quatman-Yates et al. demonstrated acceptable internal 
consistency of QuickDASH in older children and adolescents 
[9].

ABILHAND-Kids was originally developed for children with 
cerebral palsy [10]. Its use in the present post-traumatic cohort 
was exploratory and intended to capture bimanual daily activity 
rather than establish a diagnosis. Positive associations with 
MEPS and PedsQL support conceptual coherence, but future 
studies should undertake local psychometric validation or use 
an instrument specifically validated for pediatric upper-limb 
trauma.

PedsQL was related to both joint function and manual 
ability. In children with orthopedic conditions, the instrument 
distinguished patients with and without difficulty in daily life 
[11]. A clinically meaningful outcome in a child is therefore 
not limited to an increased movement angle and should include 
return to self-care, school, play, and sports.

Correlations between the scales do not demonstrate causality, 
prognostic value, or interchangeability. Coefficients of 0.48-
0.62 represent moderate associations. MEPS is suitable for 
joint-specific clinical characterization, DASH for overall upper-
limb disability, ABILHAND-Kids for bimanual activity, and 
PedsQL for multidimensional quality of life.

The practical value of a comprehensive profile lies in 
preliminary identification of the dominant mechanism of 
restriction. Osseous block or marked deformity warrants early 
orthopedic discussion and caution with forceful mobilization. A 
capsular-scar component may justify graded stretching, orthosis 
use, soft-tissue techniques, and pain control. When imaging 
abnormalities are minimal but functional impairment is marked, 
muscle coordination, fear of movement, adherence, and home-
exercise performance should also be assessed.

Pediatric surgical series and a systematic review report 
improved ROM and MEPS after open or arthroscopic release 
for persistent severe contracture but emphasize heterogeneity 
of indications and outcomes [7,13-16]. This reinforces the 

importance of correct baseline stratification: treatment outcomes 
cannot be interpreted without considering the morphological 
substrate, pain, time since injury, and the child’s functional 
requirements.

Study strengths include a relatively large pediatric cohort, 
complete baseline data, concurrent assessment of morphology, 
movement, pain, function, and quality of life, and presentation 
of CIs and effect sizes. These features improve the transparency 
of descriptive analysis and reduce the risk of interpreting a 
single p value outside its clinical context.
Clinical Implications.

At the initial stage of rehabilitation, ROM and pain 
measurement should be combined with assessment of the 
presumed morphological limiter. MEPS can characterize local 
elbow function; DASH, limitations of the entire upper limb; 
ABILHAND-Kids, bimanual activity; and PedsQL, effects on 
physical, emotional, social, and school functioning. MSCT 
should be used only when clinically indicated and according to 
the principle of the lowest necessary radiation exposure. Non-
ionizing modalities are preferable for repeat assessment when 
they adequately address the clinical question.
Study Limitations.

• The study was conducted in one specialized center and 
represents a clinically selected rather than population-based 
cohort.

• Group allocation was non-randomized; baseline similarity 
does not exclude residual confounding by unmeasured factors.

• No formal a priori sample-size calculation was performed; 
all consecutive patients during the study period were analyzed.

• CTDIvol and DLP were not retained in the archived database, 
and independent blinded imaging review and interobserver 
reproducibility were not assessed.

• MEPS and DASH were originally developed primarily for 
adults, and ABILHAND-Kids for children with cerebral palsy; 
local linguistic and psychometric validation in this clinical 
population was not performed.

• Combining child self-report and parent-proxy PedsQL forms 
may have increased variability.

• No multivariable analysis adjusted for age, sex, time since 
injury, injury type, and previous surgery.

• The cross-sectional baseline analysis does not permit causal 
inference or evaluation of a specific rehabilitation program.
Future Research.

A multicenter longitudinal study with repeated morphological 
and functional assessment, a preregistered protocol, standardized 
radiation-dose recording, analysis of minimal clinically 
important changes, and multivariable adjustment is warranted. 
Age, time since injury, fracture type, previous surgery, and the 
psychometric properties of functional scales require separate 
investigation in pediatric post-traumatic cohorts.
Conclusion.

Post-traumatic elbow contracture in children is characterized 
by a heterogeneous combination of osseous, capsular-scar, 
muscular, and pain-related components. The most frequent 
baseline findings were joint-space narrowing, osseous block, 
and capsular thickening. Despite relatively preserved mean 
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ROM, a substantial proportion of children experienced moderate 
or severe pain during movement.

MEPS, DASH, ABILHAND-Kids, and PedsQL were 
moderately related but non-interchangeable. Small baseline 
between-group effects support comparability of the cohorts 
before different rehabilitation programs. Comprehensive 
assessment may guide baseline stratification and follow-up, but 
correlations should be interpreted as descriptive associations, 
and imaging and scale selection should account for age, 
radiation exposure, and methodological limitations.
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